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The talk on fish health
Our interviewees are five of the best known 
scientists working on fish health issues in 
aquaculture. The talk on fish health covers fish 
epizootics, viral diseases, among others, and 
ways to control them. In a nutshell, countries are 
enjoined to put in contingency plans for disease 
outbreaks and cooperate on worldwide disease 
reporting programs while individual farms are 
urged to practice good farm management to 
keep the fish healthy and 
happy.
DR. BARRY HILL
Containing the diseases 
in aquaculture
Dr. Barry Hill is an expert on disease zoning 
and advises governments on health man­
agement guidelines. He is the Secretary- 
General of the Fish Disease Commission of 
the Office International des Epizooties or the 
OIE (also known as the World Organization for Animal Health). OIE 
is an intergovernmental veterinary organization created through 
an international agreement of 28 countries in 1924, and as of May 
2001, its membership totalled 158. Its central bureau is based in 
Paris.
One of OIE’s main activities is to provide guidelines and stand­
ards for health regulations applicable to international trade in live 
animals and their products. OIE also coordinates investigations of 
communicable animal disease and collection of information on 
epizootics and control measures applied by its member countries. 
It has devised an early warning system to apprise its member coun­
tries of the occurence of disease outbreaks (listed as notifiable or 
contagious) that would have serious repercussions on public health 
or the economics of animal production.
What is an epizootic?
Epizootic is an animal disease episode equivalent to an epidemic 
in human health.
When do we know that an epizootic exists in an area?
When you get confirmatory diagnosis of an increasing number of 
cases. When you start to see it expanding towards the population, 
to a certain size, it becomes an epizootic.
Do epizootics have stages (such as early and alarm stages)?
Yes. The initial emergence or the original point of outbreak is the 
focal point, but it could be several focal points depending on how 
(the disease) came in. (The disease) could start in a few affected 
animals, in several places; this is the initial phase. Then (the dis­
ease) breaks out into the first farms until (the number of) farms 
increases. This is an expansion. If you don’t intervene and start to
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Dr. Donald Lightner sits on the pres­
tigious Fish Disease Commission of 
the O ffice In ternationa l des 
Epizooties (also known as the World 
Organization for Animal Health). 
Here’s a self-description of his 
work on shrimp diseases: “I started working with shrimp and shrimp 
diseases in 1971 at the Galveston Laboratory of the U.S. National 
Marine Fisheries Service. In 1974, I began to work on super-inten­
sive shrimp culture project in Mexico with the University of Arizona. 
The university was one of the pioneers in shrimp farm methods. In 
the mid 1970s, the University was developing in Mexico technolo­
gies for SPF broodstock and PL production, and the development 
of biosecure broodstock rearing, hatchery, nursery, and grow-out 
technologies based on super-intensive raceways. Today, Mexico 
uses mostly ponds for growout, but the raceway concept was de­
veloped initially. Technologically, the super-intensive raceway sys­
tems developed by the university made sense, but the concept 
was mostly abandoned for reasons of economics. At the time it 
was a great idea, but it proved to be too expensive. There are a 
few companies and research groups in the U.S. and elsewhere in 
the Americas that run entire growout cycles in super-intensive 
raceways. There are a few examples of that farm in Mexico and 
one in Hawaii. Arizona now has four shrimp farms. All use 
geothermal brackish ground water of approximately 0.5 to 5 ppt 
salinity as their water source.”
What is th e cu rren t s ta tu s  o f  th e  sh rim p industry  in the U S vis- 
a-vis c o p in g  and p reven tio n  of  p en a e id  d isea se s as com pared  to 
S o u th ea s t A sia?
Som e o f  the m ethods used in SEA are being used in the US in 
disease prevention or in the application of biosecurity. Things like 
w ater recirculation, w ater filtration, and other pond and water 
m anagem ent m ethods are being em ployed. Perhaps the biggest 
difference in the US is that all o f  the farm ing industry now  uses 
dom estica ted  lines o f  specific  pathogen-free  (SPF) P en a eu s  
vannam ei stock.
With the u se of  h igh techno logy  d isea se  d iagnosis, how  can 
sh rim p prod u cers in d eve lo p ing  coun tr ies m ake u se  of  these  
innova tions co n sid er in g  th e ir  p roh ib itiv e  co st?
The principles are fairly sim ple. For the costs and the kind o f fa­
cilities that are required, w e look at other anim al m odels to deter­
m ine their application in developing countries. To com pete in a 
global econom y w ith a product that has a global market, the ques­
tion becom es how can developing countries expect to compete suc­
cessfully if  it does not use those m ethods? This is a difficult and
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DR. TIMOTHY FLEGEL
Dr. Timothy Flegel is originally from 
Canada and has stayed in Thailand 
for 29 years. He is currently the sub­
ject editor for crustacean diseases 
of the journal of Diseases of Aquatic Organisms. He serves in the 
Faculty of Science at Mahidol University in Bangkok, and is a 
published author of many books on shrimp disease.
Viral diseases can 
strike lethal blow to 
shrimp farming
What are the im plica tion s o f  b r in g in g  in to Asia new  shrim p like  
Penaeus vannam ei?
It is dangerous to bring shrimp from another geographical region 
over a very far distance even if you know that it is SPF or disease 
free. W hat I ’m  worried about is not the diseases that w e know 
(but) the ones we don ’t know. (An example is) one that Dr. Lightner 
described. IHHN* is a disease that came from Asia -  people brought 
Penaeus m onodon  to the A m ericas in the early 1980s and it looked 
like norm al, healthy Penaeus m onodon. At that time nobody knew  
w hat IH HN was. It w as discovered after it jum ped from Penaeus  
m onodon  to A m erican shrimp and then it killed all (of the latter) 
and that w as the best species for rearing at that time. People had to 
switch to P enaeu s vannam ei (which) w as also affected by the d is­
ease but not killed. So that’s one example.
Another exam ple is W hite Spot, the Japanese brought it into 
(their country) w ith PL from China and it jum ped from Chinese 
shrimp to Japanese shrimp. The first description of outbreaks was 
from C hina and nobody knows still where it originally came from, 
but I think w e have some pointers suggesting that i t ’s possible that 
it m ight have com e from A ustralia -  there is a species o f crayfish 
from A ustralia that w as brought into China just before the out­
breaks.
Is the W hite S p o t Syndrom e Virus the m ost p reva len t shrim p  
d isea se  in Thailand?
No, but it is the m ost serious and deadly disease of shrim p in Thai­
land right now. It has caused m ost of the losses since 1995. D is­
eases like W hite Spot affect m any species. Every species of com ­
mercial shrimp is affected, and the list o f crustaceans (has) more 
than 50 -  shrimps, crabs, lobsters.
The m ost serious d iseases for the shrim p are the v ira l d is ­
eases because  there is no w ay  to treat them  – m ost o ther d is ­
ease agen ts like bac teria  (are) m uch easier to m anage. If  the 
shrim p are infected by  bacteria  you  can treat them  w ith  an tib i­
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DR. EINAR RINGO
Dr. Einar Ringo is with the Norwe­
gian School of Veterinary Medicine. 
He has worked in the fields of micro­
biology and feed nutrition with lipid 
metabolism, intestinal microbiology, 
microbial ecology and lipid nutrition 
as his main interests. He has stud­
ied animals as diverse as reindeer and the fishes, salmon and 
arctic char. Dr. Ringo has been working for years on aquaculture 
probiotics.
Good vs. bad 
bacteria
What is th e m ajor prob lem  in aquacu lture p ro b io tic s  today?  
Little has been done so far, so we have a great challenge. We should 
be aware that probiotics has been know n in m am m alian system s 
for two to three thousand years, but we have only  started on the 
probiotics concept for aquaculture during the last 10-15 years. 
W hen looking at how  m any research papers have been published 
in probiotics for the m am m alian system , there are approxim ately 
1000 that have probiotics as keyw ords but only  10 related to 
aquaculture. So this is a relatively new discipline. This presents a 
great challenge, as w ell as opportunities to do som e healthy, inter­
esting research in the future.
What sc ien tif ic  in s titu tio n s  in the w orld  or in y o u r  reg ion  are 
th e a gen c ie s to watch o u t fo r  in term s of  R& D  in aquaculture  
prob io tics'?
Three (institutions in) -  Bergen, Trondheim  and Trom sø —  in 
N orw ay* are partners that have done great w ork in probiotics. 
The research institute in Bergen, w est coast o f N orw ay has worked 
on antagonistic vibrios. Vibrios have been studied at SINTEF in 
Trondheim. The N orw egian Institute o f  Fisheries and Aquaculture 
Research in Trom sø has done a lot o f studies on lactic acid bacte­
ria.
H ave you  had any chance to ob serve  work in p ro b io tic s  in 
A sia? What can you  say a bou t aquacu lture p ra c tic e  here?
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*Interesting fisheries facts about Norway
It is the first country in the world to establish an independent Ministry of 
Fisheries (1946). Norwegian upper secondary schools, since 1994, offer 
a craft certificate in fisheries science within all parts of the fishing industry. 
Since January 1 , 2001, an R&D duty (representing 3 per thousand of the 
export value) on the export value of fish and other marine resources has 
been imposed to strengthen the funding for fisheries research and devel­
opment (R&D). Source: Norway’s Ministry of Fisheries website, 
www.mfa.no
DR. SUPRANEE CHINABUT
Disease threats to the 
freshwater fish industry
Dr. Supranee Chinabut is presently 
Director of the Aquatic Animal Health 
Research Institute, Thailand, and Chair 
of Fish Health Section of the Asian Fish­
eries Society. She completed her PhD at 
the University of Stirling, Scotland, and 
has worked on striped snakehead 
Ophicephalus striatus for her dissertation. She has published 
work on the comparative study on experimental mycobacteriosis 
between snakehead and the frog Rana tigrina, and the effect of 
fumagillin against microsporidia on infected African catfish Clarias 
gariepinus Burch.
What p e rcen ta ge  does freshw a ter f ish  cu ltu re  con tr ib u te  to 
overa ll f isheries in Thailand?
Freshwater fishery is a major com ponent. It contributes to the lo­
cal people ’s consum ption like the catfish (hybrid Clarias batrachus 
male and C. m acrocephalus female), the snakehead (O phicepha lus  
s tr ia tu s ), the freshwater praw n (M acrobrachium  ro sen b erg ii), and 
various species o f foliage fish from reservoirs, canals, and swamps. 
T hey ’ re major fish food for the local people. Freshwater fish is 
not for export, though we export a very small am ount to the Asian 
com m unities in some Western countries. In Europe and America 
for exam ple, we export fresh frozen catfish and snakehead.
What abou t in A sia? Is freshw a ter f ish  a m ajor prod u ct?
I think from the statistics, it is a major fishery product. Carp is 
very popular in Indonesia, w hile in Thailand, the Thai com mon 
carp, P un tiu s gon io no tu s  is a very im portant species. Catfish is 
more popular in Thailand. We have now  im proved the genetics of 
the tilapia. Culture of the red tilapia is now  widespread in the whole 
country. People enjoy its flesh because the texture is tender and 
nice. Thailand exports filleted red tilapia.
What ham pers the produ ctiv ity  o f  freshw a ter aquaculture?
I ’m  a disease person. In m any species, Epizootic U lcerative Syn­
drome (EUS) infects m ost freshwater and brackishwater species. 
It is quite serious. It occurs in both fresh and brackishwater fish if 
the salinity is low er than 20 ppt.
Catfish is not as hardy as som e people say. It is m ost likely to 
get bacterial septicemia because pond w ater quality is seldom good. 
Tilapia is more resistant. W hen w ater quality is poor, risks to the 
health is high. M ost o f the aquaculture conditions relate to health 
m anagem ent. If farmers can im prove their culture practice or try 
to do proper m anagem ent like maintain w ater quality and use good
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put measures in place 
to prevent (the disease 
from) further spread­
ing, then it could go on 
spreading by means of 
the natural m ove­
m ents o f anim als, 
through the movement 
of water itself (which 
harbor) the pathogens, 
or the m ovem ents 
made by man. So, all 
these things contrib­
ute. If you’ll let it, (the 
disease) would (mag­
nify), it will peak first, then it will decline steeply because there 
will be fewer and fewer susceptible animals. It could reach its 
chronic level then maintain itself. In intervention, the trick is to 
get the decline very sharp or very steep, back to zero or total eradi­
cation.
When is the possible time or season that the outbreak occurs? 
How do we know it exists?
It depends on the disease; some will be in high water tempera­
ture. If you get very (extreme) seasons, say, very severe winter or 
very hot summer, the disease tends to occur. In the tropics where 
climate is (constant) throughout the year, it would depend on the 
stage of development of animals and not on temperature. One 
would be during spawning. The stress in spawning lowers the 
resistance of the animal, making it susceptible to disease. But in 
latitudes with sharp differences between winter and summer tem­
peratures, temperature is the major (trigger). So in Europe, we 
have fish diseases that occur only during summer that cannot be 
experienced during winter.
What measures should be taken if signs o f the epizootic occur in 
an area?
The first and best thing you can do is to maximize the containment 
of the disease. Control everything to stop it from spreading out of 
the area. Find out as quickly as you can (how it is transferred). 
Check all the areas where the disease has transferred and (put in 
containment measures).
I f  humans eat an infected 
aquatic product, will it harm 
their health?
Some bacterial infections (Vi­
brio) can possibly leave toxins 
in fish. You can eat a clinically 
dead fish because only its shelf 
life is reduced; but a diseased 
fish is not suitable for human 
consumption. However, a fish 
dead from viral infection can be 
safely eaten if it does not show 
clinical signs.
How bad are the diseases in 
wild aquatic animals?
(Wild fishes) have some very serious diseases. There is this one 
particular case that affected wild Atlantic salmon in freshwater 
and reduced that population by almost 99.9%, almost total eradi­
cation of the species. It’s a major problem in Norway. An out­
break of (a virus) in Pacific herring caused a population to disap­
pear. But most of the diseases we know and studied are actually 
in ponds and farms.
How do we know if  aquatic products that are being 
marketed are free from infection?
The truth is that we don’t know. There is a current practice in 
Australia wherein they check imported shrimps, frozen and fresh, 
for white spot virus and determine which is safe. They are afraid 
of introducing the disease through imported shrimps. Those free 
from the virus can come in.
Where and when did the most recent (epizootic) outbreak occur?
In terms of scale, it’s the White Spot Disease outbreak in Central 
America in the late ‘90s.
Would you like to give any recommendation to countries with 
regards to epizootic control and p r e v e n t i o n ?
Yes, I would, but you can not lay down universal rules. These 
principles apply to everything. You have to consider local situa­
tion, in terms of deciding what measures to take for the control of 
epizootics. But basically everybody needs to have a planning 
phase, that is, contingency plans to d eal with outbreaks of serious 
d iseases in their country. We would strongly recommend that 
everyone be prepared because epizootics could come anytime.
[interview by g.g.]
DR. BARRY HILL INTERVIEW / FROM PAGE 1
on epizootics
The first and best thing you can do is 
to maximize the containment of the 
disease ... We would strongly 
recommend everyone to be 
prepared because epizootics could 
come anytime.
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com plicated question w ith no 
easy  answers. H ow ever, one 
can look at other agricultural 
industries and learn from their 
ex am p les . F o r in stan ce , in 
how  m any other m odern agri­
culture practices are the indus­
tries dependent on the collec­
tion and culture o f  w ild seed 
stock? In m odem  agriculture, 
there are com ponents o f  those 
industries that sp ec ia lize  in 
being  seed stock producers.
W hile the shrimp industry has 
a large com ponent that pro­
duces “ seed” (postlarvae, PLs) 
for stocking, that segm ent o f the industry relies alm ost exclusively 
on the capture o f  w ild  PLs (in the Am ericas) or on the production 
of PLs from w ild-caught adults (Am ericas and SEA). As an indus­
try, w e are just beginning to see the developm ent o f specialized 
com panies that produce seed stock from dom esticated breeding 
lines of specific pathogen-free (SPF) shrimp. As the industry de­
velops, w e ’ ll see more o f  this, and as the industry m atures further, 
the shrimp stocks w ill come from specialized com peting produc­
ers that w ill offer a proven supply of better seed stock than those 
available from the wild.
What is th e s to ck in g  d ensity  tha t predom ina tes in the US?
M ost US shrimp farms are located in Texas, but other states w ith 
some significant shrimp farming include South Carolina, Florida, 
M ississippi, A rizona, and Hawaii. M ost of the farms are semi- 
intensive, w ithout aeration, and stock anywhere from 10-15 shrimp 
per m 2. In m ore intensive farms that use aeration, stocking rates 
of 35-40 per m 2 are com mon.
O th er  than p reven tio n  and  varia tion  in cu ltu re  system s, what 
o th er  m ethods can y o u  su g g e s t for fishfarm ers who w ish to sta y  
ahead  in the business, e sp ec ia lly  here in SEA? Would you  
recom m end  h igh  tech no logy  m ethods of  d isea se  p reven tio n?  
Aquaculture developm ent and training centers like SEAFDEC and 
the com panies that sell seeds and feed should be listened to be­
cause they are the best suppliers o f  inform ation to advise farmers 
on w hat technologies m ake sense for their farm ing situation. I 
w ould  presum e that just taking inform ation th a t’s applicable to 
their particu lar location and situation, which is w orking in other 
places, is the first step. One of the b iggest problem s in the indus­
try is just ignorance o f  the risks that they face. For exam ple, w ith 
w hite spot, so m any farmers w ere unaware o f  it as a threat to their 
farms as the w hite spot pandem ic w as occurring. Because of this, 
shrim p stocks from som e locations in the w orld , w hich posed a 
high risk o f  being carriers o f  w hite spot, w ere not recognized as 
posing  such a h igh  risk.
You m en tio ned  b iosecurity . What 
does th a t m ean?
To me, “biosecurity” m eans d is­
ease contro l through exclusion of 
specific pathogens. Stock control 
is an  e s s e n t ia l  c o m p o n e n t o f  
b io secu rity . S tock  co n tro l m ay 
mean that w ild  stocks of unknown 
quality and disease status should 
not be farmed. If  w ild  stock must 
be farm ed , at le a s t  the  farm er 
should know  that the broodstock to 
p ro d u c e  se e d  (an d  th a t the  
postlarvae  th em se lves that w ere 
used  to stock  the p ond s) tested  
negative for the pathogens that a 
given farming region w ishes to exclude according to its biosecurity 
plan. This is the sim plest kind o f  stock control. The next level of 
technology available are breeding com panies w ith  their dom esti­
cated specific pathogen-free (SPF) stocks. Typically, m any breed­
ing com panies upon request (i.e., from a farm ing association) w ill 
provide the diagnostic records o f  their stocks that have been m oni­
tored by a health specialist or veterinarian. The best com panies 
have tw o or m ore years history o f not having positive tests for 
specific pathogens from a particular list o f  pathogens. In the U.S., 
no one uses w ild  broodstock. One o f the first steps in im plem ent­
ing a biosecurity p lan is to m ake a list o f  the pathogens that your 
biosecurity program  w ishes to exclude.
P lea se  expla in  fu r th er  the g o ld  s tandard  fo r  va lida ting  the m ore 
w idely u sed  d ia gn ostic  te s ts  in f ish  d isease.
W hen a new  diagnostic test is to be validated, its results are com ­
pared to the best available (or m ost trusted) test(s). That reference 
test (or tests) is called the ‘ gold  standard ’ . In developing and va li­
dating a new  shrimp disease diagnostic test em ploying PCR for 
exam ple, the gold  standard m ight be h istology or a bioassay.
D o you  condu ct tra in in g  fo r  sh rim p  fa rm ers?
We have a shrimp pathology course that w e give every year (at the 
U niversity of A rizona). It is m ore for people that w ork in d iagnos­
tic laboratories at farms, governm ent agencies, or universities. The 
short course is directed not so m uch for shrim p farmers but rather 
for the b iologists w ho m ight w ork at a shrim p farm and w ho will 
do or supervise the diagnostic work. The training is for a specific 
group or audience only. Our short course participants are trained 
in shrimp pathology and in the classical and m odem  diagnostic 
m ethods available for the m ost significant shrim p diseases. Stu­
dents are trained to do and interpret diagnostic m ethods that range 
from simple w et m ounts, through histopathology, m icrobiology, 
and im m unology, or to m olecular m ethods that include dot blots, 
gene probes, in s itu  hybridization, and finally PCR/RT-PCR.
[interview by m.b.s.]
O ne o f  the b iggest p rob lem s in 
the industry  is ju s t ignorance  o f  
the risks. F o r exam ple ... as the 
w hite  spot pandem ic  w as 
occurring  ... shrim p stocks w hich  
posed  a h igh  risk  o f  be ing  carr i ers 
w ere  (being  im ported).
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otics.
The shrim p v iru se s  d o n ’t 
affect peop le . B u t som e b ac ­
te r ia  lik e  V ibrio  p a r a h a e ­
m o ly tic u s  and  Vibrio h a rvey i 
affect shrim p and  g ive  p e o ­
p le g astro en te ritis .
What com m on preven tio n  
p ra c tic e s  m ay be  u sed  by 
fa rm ers to  avo id  shrim p  
d isea se s?
For p rev en tio n  o f  v ira l d is ­
eases, m any  com m on th ings 
can be done. Set up a b io-se­
cure system  for raising shrimp; 
start w ith  the breeders that have been cleared from disease either 
because th ey ’ re dom esticated or from a breeding program  or after 
they have been checked using  the m ost sensitive tools for presence 
o f v iruses; rear the larvae in a quarantine sort o f facility and then 
check them again before stocking into ponds; release the shrimp in 
a secure system  w here you keep the carriers out; and store the 
w ater long enough to let the virus be destroyed -  those methods 
are the sam e for all the viruses.
I think that if  people raise shrim p in a suitable m anner they 
w ill have very little reason to use antibiotics and chem icals but by 
the sam e token, I think it is possible under som e circum stances 
that it m ay be beneficial to use antibiotics but it should be done 
under the supervision of a trained fisheries officer so that they ’ ll 
do it properly.
I f  W SSV is th e m o st se r io u s  d isea se  in Thailand, w ould  you  say  
tha t th is is  a lso  tru e  in o th er  A sian co u n tr ie s?
It’s all over the w orld  now, it spread from China to the rest o f A sia 
-  the route nobody know s but w e suspect it ’s by m ovem ent of 
broodstock and fry. I think there ’s little doubt that for Thailand 
there are m any fry  producers and they send the fry to M alaysia, to 
India and to B angladesh and certainly the virus w ent w ith the fry 
to Indonesia, but the Philippines had a ban -  so probably it d idn ’t 
com e here because of that. (The m ost serious disease in the Philip­
pines), from w hat I understand, is lum inous vibriosis. We have it 
(in Thailand), but not quite so. It’s a seasonal problem.
Which coun try  do you  th ink in A sia  o r  the w orld  w ould  be the  
f ir s t to  era d ica te  sh rim p  d isea se?  H ow  far is Thailand from  that 
go a l?
( S m ile s .) W e’re w orking on it. I think it ’ ll take quite a long time 
because the num ber of far mers is very big. (There are) about 80,000 
shrimp farmers in T h ailand… (at) all levels of production , very
widely distributed and changing all 
the time. I t ’s not alw ays the sam e 
people so it ’s quite difficult to co­
ordinate, but the Fisheries Depart­
m ent is w orking very hard on the 
code of conduct and their strategy 
is to w ork w ith groups and gradu­
ally  expand. I th ink th a t’s good 
strategy.
P lea se  m ention new  and ex c itin g  
developm ents in shrim p research. 
The m ost exciting thing for me is 
how  the shrim p interacts w ith  v i­
ral pathogens. We have some data 
to indicate that it’s possible that the 
shrimp m ay have a specific w ay of accom m odating viral pathogens 
-  and if w e can understand how this works -  we m ay be able to 
prevent the shrimp from dying from viral infection. Som etim es 
they die, som etim es they don ’t die -  and the question is w hy? -  
some of the information w e h ave ... it is not so much the quantity 
o f vim s (because) som etimes the same quantity w ill kill the shrimp, 
som etim es not. A nd when you look at the shrimp you can see the 
cells infected by the vim s, but they don ’t die and we d o n ’t know 
why.
What w ould  you  like to p u rsu e  in the fu ture?
Work in a shrimp events system  (while trying) to understand how 
the shrimp interacts w ith the bio-pathogens in order to reduce the 
impact o f viral diseases if they do occur.
D o you  su p po se  there w ill com e a tim e when a ll o f  th ese  d isea ses  
w ill be erad ica ted?
Yes, I think when we w ork together and cooperate. If  we can get 
these dom esticated shrim p that are free of disease and then culti­
vate them in a bio-secured shrimp pond system … it w ill be like 
chicken or pigs. Well, it could happen in five years if everybody 
w orks together.
What p o s s ib le  th rea ts o r  p ro b lem s do y o u  s e e  in f ish  hea lth  /  
aquaculture?
The problem of farmers w ill be the sam e unless they w ork together 
w ith hatchery producers and other people in the industry in this 
mission of controlled shrimp culture.
Currently, where is the m ost effort concen tra ted  in term s of  fish 
health R& D?
M ost o f  the effort at the m om ent is focused on reaction. If  som e­
thing happens then we react to the disaster. I think th a t’s not a 
good position -  w e should be in the position w here we control the 
w hole situation from the start. Then the only  reaction should be a 
reaction to confine an outbreak. page 20
T h e  m o s t se r io u s  d ise a se s  (in ) 
sh rim p  are  th e  v ira l d ise a se s  
b e c a u se  th e re  is no  w a y  to  tre a t 
th em . M o s t o th e r  d ise a se  a g e n ts  
lik e  b a c te r ia  (are ) m u c h  e a s ie r  to 
m a n a g e  ... S h rim p  v iru se s  d o n ’ t 
affect p e o p le .
T he T alk on F ish H ealth
DR. EINAR RINGO INTERVIEW / FROM PAGE 3
No, this is m y first time in A sia 
for business. I am im pressed by 
the profession o f aquaculture in 
the Philippines. You have the ad­
vantage. First o f  all you have a 
p rod u ct, w h ich  the consu m er 
likes in both texture and taste. If 
you  have a product o f high qual­
ity, then it ’s easy to sell, not only 
in the Philippine m arket but also 
in all Asia. Look at the potential 
o f exporting your fishes to other 
parts of the world. N orw ay ex­
ports A tlantic salm on to Europe, 
Asia, Japan and America.
H ow  do you  f ind  seafood in the P h ilipp in es?
In Norway, w e produce m ostly A tlantic salm on, a little bit o f  rain­
bow  trout, som e com m on wolfish but not the sam e as the species 
here in the Philippines, som e arctic char and small num bers of 
h a lib u t  an d  tu rb o t. H ere  y o u  h av e  q u ite  d iffe re n t fish  
species… Seaweeds, for exam ple, are not included in special res­
taurants in Norway. The shrimp industry here is quite enorm ous; 
you have a large potential here.
W hen I travel for 10-14 days and have fish everyday, I have 
som ething to com pare … The species here are delicious. I have 
tasted milkfish, snapper and seabass —  three com pletely different 
tastes and textures —  and all o f them  were delicious. For exam ple, 
milkfish has a slightly  m ackerel taste. I think that these (fishes) 
have great potential.
W hat is  y o u r  o p in io n  a b o u t  th e  u s a g e  o f  p r o b io t i c s  in  
b iorem ed ia tion?
The first definition of probiotics w as for m am m alian system s to 
improve intestinal m icrobial balance. But in our terms, probiotics 
has a w ider definition because w e also include the environm ent —  
the w ater -  for both im provem ent o f w ater quality and im prove­
ment o f intestinal microbial balance. We don ’t have to (stick) to 
the original definition given by those w ho w ork w ithin endemic 
system s. The aquaculture point o f view  has a broader definition. 
There are three w ays to use probiotics: as enrichm ent o f larval 
food (either B rach ionus  or A rtem ia ); inclusion in the diet; and ad­
dition to water.
If you do som e studies on green water or mature water, is that 
probiotics? In the broader sense, yes; but in the narrow  sense, no. 
Still if  you use green water, you  improve the water quality from 
the microbial point o f view, and you also im prove the microbial 
balance. So w h at’s the difference?
What com m on m icroorgan ism s have the m ost p ro m ise  in f ish  and  
sh rim p p ro b io tic s  ?
I ’ve been w orking on lactic acid 
bacteria for 15 years. I know  the 
problem  o f  lactic acid bacteria 
but also the poten tia l… So far 
the m ost prom ising results (have 
been exhibited by) Vibrio and 
P seudom onas  for fish, and B a­
c illu s  for the shrim p system … 
B ut one sh o u ld n ’ t (d isregard) 
any other antagonistic bacteria 
(though norm ally  only  one kind 
of bacteria is used  in these stud­
ies), because in the real m icro­
bial w orld  there is an interaction 
am ong bacteria. For exam ple, 
one kind o f bacteria can produce 
a com pound that stim ulates grow th in another and can be antago­
nistic to yet another one. First, w e should look at those bacteria 
that have no antagonistic effect. They w ould  be colonized either in 
the surface of the skin, gills or digestive tract if  possible. We should 
also look for bacterial (species) that stim ulate the production of 
other (groups). One o f  the first studies on lactic acid bacteria shows 
that a bacillus can produce a substitute, w hich stim ulates the an­
tagonistic production o f  lactic acid bacteria. This w as in 1980, but 
nothing has been done on the subject so far.
So is th is an area tha t has been ignored  in the s tudy  of  p ro b io tic s?  
Not ignored, but I think m ost people have concentrated on specific 
bacteria to see if they have antagonistic effects, to see if they could 
be colonized. We have to start from scratch in all aspects, w e can ’t 
use all the information and know ledge from the aquatic anim al 
because the tw o system s (m am m alian and fish) are quite different. 
(Hum ans) w hether they come from A sia or N orw ay have more 
more or less the sam e digestive tracts. But m ilkfish from the Phil­
ippines has a digestive tract that is com pletely different from that 
of a com m on wolfish in N orway. A ll fish species have digestive 
tracts that are to tally  different from each other.
Fish are eating different diets –  fish caught off the coast of 
N orway have a different m eal com pared to fish caught in the Phil­
ippines. We can ’t take the food o f  the com m on w olfish  and give it 
to the m ilkfish…
It’s not been ignored, but it has not been done.
So if  you  had a choice, w hat area(s) w ould  y o u  lik e  to em phasize  
in s tud ies?
In 1995, I had a discussion w ith a professor in B elgium  and our 
conclusion w as this: If  the sam e am ount o f  m oney w as spent in 
microbial ecology as w as done in feed nutrition then we w ould 
have probably solved the disease problem s.
page 20
on prob io tics
We focus scientific interest 
on negative things, (when) we 
should focus on the positive ... 
There are a lot of bacteria which 
are not the bad ones. Why don’t 
we look for (them)? This is the 
promise of aquaculture.
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T he T alk on F ish H ealth
DR. SUPRANEE CHINABUT INTERVIEW / FROM PAGE 3
seeds and feeds, these prac­
tic e s  w o u ld  im p ro v e  the 
health conditions o f  the fish.
H ow  a bou t b io secu r ity?  
You cannot avoid all bad or­
g a n is m s ; t h e y ’ re  e v e r y ­
w here . A nd  ta lk in g  about 
b io secu rity  is like ta lk ing  
about being free from all un ­
desirable organism s. This is 
the sam e as w hen  w e talk  
about stress, w hich  is every­
where, because stress is not 
only  in the fish but in other 
an im als w ith in  the culture 
area as well.
A side from  d isea se s and  
pa ra site s , w hat o th er  
ca u ses co n tr ib u te  to p o o r  p ro d u c tiv ity  of  freshw ater 
a quacu lture?
For fish health, w hat w e need is rapid diagnosis because if you 
know  the health  condition of your anim al as quickly as possible, 
the chance to prevent infection or protect your production is good. 
W hat w e ’ re looking for are rapid diagnostic kits or techniques for 
any particular disease. You cannot put everything in a single con­
tainer, right? So we should try to develop specific kits. If  you have 
the right kit for the right disease, expect to have som ething like 
this: you  dip a piece o f paper into the solution and expect a yes or 
no answ er -  w hether it is infected w ith this disease or not. We are 
looking for som ething this quick. But the problem  is, chronic d is­
ease is very difficult to detect. So if  a rapid detection kit is avail­
able, it w ould  help. D isease at an early stage can be prevented. For 
exam ple, m ycobacteriosis, which is like tuberculosis in m am m als 
is a chronic disease. But today, w e have to take a histology for 
detecting this disease which takes about tw o days. We can develop 
in -situ  hybridization o f  this disease but again it takes a much longer 
time. We have to kill the fish. The idea is how  to analyze before 
the fish is killed. We can try this kind o f kit. The ornam ental fish 
m arket w ill be happy.
H ow  fa r is Thailand tow ards th ese  qu ick  d ia gnostic  
pro ced u res?
We expect that w ithin the next few years, w e m ay be able to de­
velop a  cure for m ycobacterium  because we have been doing this 
w ork for the last 10 years. W e are al so  looking into the viral dis­
eases of groupers and we are expecting to develop techniques to shorten the time neded for the analysis.
What w ould  you  like to  s e e  or  
ach ieve in term s of  co n tro llin g  
d isea se s and p a ra s ite s  in SEA to 
s e e  a d isease-free and p a ra site -  
free  A sia?
That is a perfect idea but I know 
it is very difficult to achieve. M y 
interest is how  the Asian countries 
w ou ld  share the know ledge on 
quarantine and how  to strengthen 
quarantine in the region. If  we can 
do that, w e can prevent the spread 
of diseases in live aquatic animals. 
Transport of live aquatic anim als 
without proper disease preventive 
m easures is one of the big prob­
lems in Asia. Some countries may 
claim  that they have operational 
quarantine system s but they are 
not enforced. M ost countries have 
law s and regulations but they are not strictly enforced, particularly 
in Asia. Thailand is now  in the process o f  im plem enting the laws 
on fishery but I can say quite frankly that this w ill take a much 
longer time. There are records o f m any diseases in aquatic anim als 
spreading like the w hite spot disease in b lack tiger shrim p because 
o f the im port-export o f live PLs to various places w ithout proper 
quarantine. I think quarantine is one o f  the im portant tools in pre­
venting the spread o f  diseases. Not only that. You can think of 
m any diseases that are transferred to hum ans like tapeworm , lung 
fluke, and liver fluke. It is not killed in half-cooked fish o f  which 
A sians are very fond. They can also be found in som e marine fish. 
M arine fish also have nem atodes called anisakis. These are trans­
ferred to hum ans as well.
A s C ha irperson  of  the F ish  H ea lth  S ec tio n  of  the A sian  F ish e r ie s  
Society, how  do you  p e rc e iv e  the im porta nce o f  th a t so c ie ty ?
We need organizations like these as one o f  the vehicles to set up 
the netw ork am ong scientists with interest in the sam e subject like 
fish health. We should have a center that brings people together to 
share the know ledge and information that is im portant for the re­
gion.
Do you  have p la n s  to m ake these so c ie tie s  affect p o lic ie s  w ithin  
the reg ion?
We try hard. W hen we started ten years ago, no one w as interested 
in this kind of organization. Now, (A FS-FHS) is recognized by 
m any governm ent organizations, and even organizations in other 
parts o f  the w orld  like the American Fisheries Society and the World 
A quacu lture Society. Wh en  we talk as an organization, people lis­
t en rath er than  w hen we  tal k as individuals. I d idn ’t expect that our 
section w ould  be that powerful at the moment but w e are sure that 
in the future there w ill be more activities going on and then recom ­
page 19
M ost of aquaculture conditions 
relate to health management. If 
farmers can improve their culture 
practice or try proper 
management (techniques) like 
maintaining water quality, using 
good seeds and feeds, these 
practices would improve the 
health conditions of fish.
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JIR C A S’ Dr. Hiroshi Ogata: thoughts on Japanese aquaculture
Dr. H iroshi O gata  describes the aq uacu ltu re  industry  in Japan 
as supported  b y  th ou sand s o f  local and  sm a ll-sc a le  fishers. 
U nlike S ou theast A sian  coun tries w h ere  b ig  en terp rises co n ­
trol the ind u stry  because  aq uacu ltu re  requires b ig  in itial cap i­
tal and  investm en t, Japanese  fishers a lone h ave the righ t to 
fish and  en g ag e  in  aq uacu ltu re  in coasta l areas. T h is r igh t is 
no t a license  b u t a trad itional r igh t exerc ised  for over 300 or 
400  years . A nd  as lo n g  as fishers keep their fisheries right, 
th e re  is  no  ro o m  fo r a n y  e n te rp r is e s  to be in v o lv e d  in 
aq uacu ltu re  in  the coasta l areas o f  Japan . It is w orth  no tin g  
that the righ t h as p ro tec ted  the coasta l areas from en v iro n ­
m ent d eg rad atio n  and  destruction  that m ay  be cau sed  by p ri­
va te  en terprises. A qu acu ltu re  is no t o n ly  a b usiness bu t a lso  
the source o f  d a ily  bread  for Japanese  fishfarm ers.
Dr. O gata  b e liev es that the aq uacu ltu re  industry  in  S ou th ­
east A sia  can be m ade su s ta in ab le  th ro ug h  education . T here 
sh o u ld  be a co n sisten t inform ation  d issem in a tio n  on the im ­
po rtan ce  o f  aq uacu ltu re , its effect on  the en v iro nm en t, im ­
portance  o f  m an g ro v e  sy s tem s and  the re sp o n s ib ility  o f  each 
person  in k eep in g  the in d u stry  su sta in ab le . T h is education  
sh o u ld  be g iv en  to e lem en ta ry  and  h igh  schoo l s tud en ts and  
co asta l res id en ts . U nlike sc ience  and  en g in eerin g , there is no 
need  for so p h istica ted  and  ex p en sive  fac ilities and  equ ipm ent 
to start education .
In  re la tio n  to  h is co llab o ra tiv e  stu d y  b e in g  co nd ucted  in 
S E A F D E C /A Q D , Dr. O ga ta  b e liev es that one lim itin g  factor 
fo r th e  e x p a n s io n  a n d  c o m m e rc ia l  p ro d u c t io n  o f  n e w  
aq u acu ltu re  spec ies is the lack o f  av a ilab le  and  ad eq uate  su p ­
p ly  o f  q u a lity  fry and  finge rlin g s. B ut th is can  be ach ieved  
w ith  suffic ien t k n o w led g e  and sk ills  on  h a tch ery  and  la rval 
rea r in g  o f  cu ltu red  sp ec ies. A nd th is is p o ssib le , h e says, 
th ro u g h  the co n d u c t o f  s tu d ies  on  n u tritio n a l co nd ition  o f  
b roo dstock . R esearchers need  to  d ete rm ine  eg g  and  larval 
quality , d ie t q u a lity  and  nu trien ts to k n o w  the p rofound  ef­
fect on  eg g  nu tritio n a l co m p o sitio n  an d  su b seq u en t go nad a l 
d ev e lo p m en t, fecu nd ity  (to ta l num ber o f  eg g s p roduced), fer­
tiliza tio n  rate, norm al em bryo  d eve lopm ent, h a tch ing  rate and 
su rv iv a l ra te  o f  h atched  larvae.
P resen tly , n u tritiona l in fo rm ation  on b roo dstock  is lim ­
ited  to a few  spec ies and  little  inform ation  is av a ilab le  on  
su b -tro p ica l/tro p ica l m arine  fishes. Dr. O ga ta  rem arked  that 
a h igh  p erfo rm ance b ro o d sto ck  d ie t m igh t increase  p ro d u c­
tio n  co st; h ow ever, it w o u ld  reduce n u trien t lo ad in g  o f  su r­
ro u n d in g  w a te r  and  e v e n tu a lly  in c rease s econ om ic  re tu rn s 
th ro ug h  h igh  su rv iv a l ra tes o f  fry in  th e  hatchery . M oreover, 
the u se  o f  fo rm ulated  d ie ts in  lieu  o f  u n p ro ce sse d  ra w  fish 
w o u ld  d e c re a se  th e  r isk  o f  d is e a se  tr a n s m is s io n  to  th e  
b roo dstock  and  fry.
A s an expert in fish nu trition , Dr. O gata  re la ted  that due 
to the d rastic  decrease o f  sard ine  catch  w h ich  is th e  m o st 
p o p u la r  so u rce  o f  fish  m ea l for feeds o f  m arin e  f ish  for 
aq uacu ltu re  in Japan , a lte rn a tive  p ro te in  so u rces (p lan t p ro ­
te in) are b e in g  stud ied  to reduce the fish  m eal co n ten t in a rti­
ficial d iets. L o w  pro te in– h ig h  en ergy  d ie ts h av e  b een  d ev e l­
oped  to reduce n itro gen  load in g  th a t lead s to en v iro n m en ta l 
po llu tion .
V arious nu trien ts and  v itam in s C , A , E, caro teno id s, ta u ­
rine and  p h o sp o lip id s are  used  to im pro ve  eg g , la rv ae  and  
seed  quality . T he re la tio n sh ip s b e tw een  nu trien ts  an d  fish 
health  h ave been  in v estig a ted  an d  d ie tary  su p p lem en ta tion  
o f  certain  nu trien ts are found  to increase  n o n -spec ific  im m u ­
n ity  o f  fish. H o w ever, com p le te  artific ia l m icrod ie ts for m a­
rine la rvae  fish are no t ye t deve lo ped . S tud ie s b ased  on  m o ­
lecu lar nu trition  h ave  a lread y  started  (re la tion sh ip  betw een  
nu trien ts/nu tritiona l co nd ition  and  gene  ex p re ssio n s o f  fish).
Dr. O gata  d escribes the JIR C A S  and  SE A F D E C  co llab o ­
ration  as a go od  chance  for the JIR C A S  staff  to  und ers tand  
the im portance  o f  co asta l fisheries and  aq u acu ltu re  as a p r i­
m ary ind u stry  in S ou theast A sia. He th ink s that S E A F D E C / 
A Q D  is the best o rg an iza tio n  for JIR C A S  to co llab o ra te  w ith  
on aq uacu ltu re  research  because  o f  its rich  h um an  resou rces 
and  h igh  level o f  research  experience. T h is co llab o ra tio n  w ill 
help  JIR C A S  to m o ve  to the n ex t step  after the p roject has 
been su ccessfu lly  co m p le ted  and  evaluated .
Dr. O gata  w ish e s  to  th ank  A Q D  for the op p o rtun ity  to 
w ork  in the o rgan iza tion . A nd h is m e ssag e  to  the aq uacu ltu re  
industry : “ B e  good , be  a g o o d  ind u stry .”
[interview by s.m.w.]
Dr. Hiroshi Ogata is a fish nutrition and breeding expert who 
worked with SEAFDEC/AQD researchers Dr. Arnil Emata and 
Dr. Relicardo Coloso on a study on “Egg and larval quality of 
the mangrove red snapper, Lutjanus argentimaculatus fed 
improved broodstock diets. His term in AQD was for a month 
beginning February 26 but he will be back for further research 
work. Dr. Ogata is presently a senior researcher at JIRCAS.
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Price index for milkfish: An info tip for producers and consumers
By 
Nerissa D. Salayo, Ph.D.
Associate Scientist 
SEAFDEC/AQD, Iloilo, Philippines 
<ndsalayo@aqd.seafdec.org.ph>
Knowing the price o f milkfish in various months of the year is an 
important concern for milkfish grow-out operators. Generally, we 
aim to harvest when price is high in the markets or fish trading 
ports where we expect to sell them. However, traditional milkfish 
production is heavily influenced by climate cycles and other bio­
logical conditions. Markets are also characterized by seasonal and 
trend effects and they manifest in prices. These factors contribute 
to the seasonality in milkfish production, and con­
sequently in prices.
The table on this page presents seasonal price 
indexes for milkfish in Manila and five regional 
markets. The seasonal indexes were derived us­
ing multiplicative technique applied on monthly 
wholesale and retail price data from 1990 to 
2000.1 Overall, the indexes show that wholesale 
and retail prices were relatively high (i.e., indexes 
are above 1.0) from December to May in all mar­
kets, except in Iloilo and Zamboanga where in­
dexes rem ain <1 in December. M eanwhile, 
wholesale and retail price levels were relatively 
lower (< 1) from June to November.
One important use of these indexes is that they could indicate 
the price levels o f the marketable milkfish during the expected 
month of harvest relative to the other months o f the year. Milkfish 
growers could benefit from these price indexes in terms of the in­
dications on the nature of production systems and the extent of the 
associated cost they could afford to incur. For example, given that 
in the current period June, the prevailing wholesale price of aver-
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Monthly seasonal indices for wholesale and retail price of milkfish in 
selected markets and consumption centers in the Philippines (based on 
1990 to 2000 price data)
Manila Dagupan Lucena Iloilo Cebu Zamboanga
Wholesale price
January 1.130 1.102 1.051 1.058 1.042 1.033
February 1.107 1.114 1.099 1.068 1.034 1.000
March 1.110 1.071 1.088 1.093 1.001 1.036
April 1.053 1.067 1.076 1.091 1.071 1.028
May 1.021 1.004 1.030 1.039 1.043 1.050
June 0.971 0.949 0.979 0.969 1.007 1.041
July 0.915 0.902 0.926 0.913 0.958 1.019
August 0.931 0.943 0.941 0.931 0.966 0.970
September 0.915 0.920 0.922 0.954 0.943 0.968
October 0.929 0.916 0.909 0.936 0.941 0.925
November 0.933 0.969 0.948 0.966 0.974 0.959
December 0.985 1.043 1.032 0.982 1.021 0.972
Retail price
January 1.086 1.073 1.044 1.052 1.049 1.028
February 1.109 1.086 1.080 1.094 1.027 1.045
March 1.113 1.081 1.093 1.128 1.029 1.024
April 1.098 1.058 1.080 1.113 1.035 1.029
May 1.030 1.014 1.047 1.027 1.037 1.019
June 0.963 0.963 1.015 0.943 1.025 1.031
July 0.926 0.950 0.948 0.927 0.991 0.999
August 0.909 0.924 0.911 0.928 0.971 0.986
September 0.916 0.925 0.920 0.935 0.959 0.979
October 0.915 0.936 0.932 0.936 0.940 0.924
November 0.937 0.974 0.923 0.943 0.936 0.965
December 1.000 1.017 1.006 0.974 1.000 0.970
1 These computations and indexes form part of the 
contributed paper titled Price relationships in 
Philippine milkfish markets: Univariate and causality 
analysis presented by ND Salayo at the 6th Asian 
Fisheries Forum “Asian Fisheries: Diversification 
and Integration’’, 25-30 November 2001, National 
Sun Yat-Sen University, Kaohsiung, Taiwan
A crateful of milkfish ready for wholesale auction in 
a fish port
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H a rn essin g  b io tech n o lo g y  for a q u a cu ltu re
The Philippines held its first national planning workshop for aquaculture biotechnology 
on April 12. Hosted by SEAFDEC/AQD in Tigbauan, Iloilo 
and attended by six participating institutions
It m ay  be bey ond  the ken o f  o rd inary  fo lks, bu t the resu lts  o f  bio- 
te ch n o lo g y  are to u ch in g  d a ily  liv e s and  m ak ing  it better. N ew  
stra in s o f  la rger to m ato es w ith  lo n g er shelf-life, h ig h -y ie ld in g  v a ­
rieties o f  rice w ith  shorter cu ltiv a tion  period, or y o u r favorite fish 
sauce  to perk -up  the taste  o f  food are m undane exam p les that yo u  
can buy  in y o u r friend ly  n e igh b o rh o o d  pub lic  m arket or grocery  
store.
C on trary  to com m on belief, b io tech n o lo g y  is no t en tire ly  a 
new  science. It has been  used  for som etim e. B asica lly , b io tech n o l­
o g y  is the fusion o f  tw o  m ajor sc iences nam ely : b io lo gy  and  en g i­
neering . It in v o lv es  the d eve lo pm en t o f  m arketab le  p rod uc ts u s ­
ing  liv in g  o rg an ism s or th e ir com ponen ts. For exam ple, b y  m a ­
n ip u la tin g  the genetic  m ak e-up  o f  p lan ts  and low er an im als, it is 
possib le  to p roduce  p lan ts  and an im a ls  that are d isease-resis tan t 
and  h ave  the capab ility  to  g ro w  and  reproduce fast. T h is has s tag ­
ge rin g  im p lica tion s for food security, inc lud ing  aq uacu ltu re  pro­
duction .
Seafoods are a m ajor export co m m od ity  for m an y  co un ­
trie s in the A sian  reg ion  and  th us a v a lu ab le  source o f  fo reign  ex ­
change. The inc reasing  d em and  for seafood  has led to the over­
exp lo ita tion  o f  w ild  fish stocks in som e reg ions o f  the w o rld  and 
has resu lted  in reduced  catch  for fishers. In o rder to  red ress th is 
ba lance , there has been a d ram atic  g lo b a l expansion  in fish and  
she llf ish  farm ing, over the past tw en ty  years. Today, aquacu ltu re  
is one o f  the fa s tes t-g ro w in g  sectors o f  food p roduction , particu ­
la r ly  in A sia  w h ich  accou n ts for abou t 90%  o f  the to tal g loba l 
p roduction . In 1994, w o rld  aq uacu ltu re  p rod uc tion  su pp lied  abou t 
12 m illion  to n s o f  h igh  q ua lity  food for direct hum an consum ption  
that w as  va lu ed  at U S $ 39 b illion .
M an y  aq uatic  species o f  econom ic  in terest can  be  kept in 
ponds, bu t fail to  rep roduce sp o n tan eo u sly  in captivity . T hus, it is 
n ece ssa ry  to unravel their rep rod uc tive  b io logy , and on that basis 
to d ev e lo p  tech n iq ues in seed p roduction .
T he inc rease  in aq u acu ltu re  p rod uc tio n , p a rticu la rly  the 
expan sio n  in to  in ten sive  and sem i-in ten sive  m ethods o f  p rod uc­
tion , has been  para lle led  by an increase  in fish d iseases, resu lting  
from  h igh  stock ing  densitie s and  stress, co nd ition s that favor the 
occu rrence  and  spread  o f  infectious d isease . For exam ple, co n tin ­
ued  d eve lo pm en t o f  the shrim p aq uacu ltu re  secto r is constra ined  
b y  a w id e  v a rie ty  o f  re a so n s  in c lu d in g : (1) recu rren t d isea se  
ep izoo tics w ith  lim ited  p reven tion  and  contro l m easu res; (2) lack 
o f  co nsisten t b roodstock  and  p ost-la rvae  quality , inconsisten t q u a l­
ity and ; (3) lim ited  ch o ices o f  feed and  inadequate  w a te r  contro l 
o f  w a te r  quality .
B io tech no lo gy  can  focus on  fast and  accurate  detec tion  m e th ­
ods for fish  and  shrim p v iru se s, d ev e lo p  m o no c lona l an tibo d ies 
ag a in st v iru se s, and  sc reen ing  for an tibac teria l p roperties in m i­
crobes and  ph y top lank ton .
C on tro lled  breed ing  p rog ram s and  genetic  m arkers are now  
b e in g  d ev e lo p ed  to enhance  se lec tio n  o f  genetic  line s w h ich  are 
free o f  specific p a th o g en s (specific p a th o g en  free-SPF ) or re s is t­
ant to p a th ogens (specific p a th o g en  resistan t-S P R ).
A d v an ces in  u n d e rs tan d in g  o f  sh rim p  im m u n ity  are  a lso  
a ss is tin g  d eve lo pm en t o f  im m u n o stim u lan ts  and  vaccines.
B ro o d sto ck  an d  p o s t- la rv a l q u a lity  are  b e in g  im p ro v e d  
th ro ugh  app lica tion  o f  h o rm o na l contro l o f  rep rod uc tio n  and  d e ­
v e lo p m en t o f  genetic  tag s to  iden tify  and  p roduce  p ed ig ree s w ith  
op tim al health  and  p roductiv ity . F eed  en h ancem en t u s in g  m icro 
encapsu la tion  o f  nu trien t supp lem ents and  p rob io tics m ay  a lso  p lay  
a ro le  in en h an c in g  q u a lity  o f  p ost-la rv ae .
B iorem ed ia tion , rec ircu la tio n  and  b io filtra tio n  te ch n o lo gy  
a l l  s h o w  p r o m is e  fo r im p r o v in g  w a te r  q u a l i t y  c o n t r o l .  
B iorem ed ia tio n  is the u se  o f  b io lo g ica l m e ch an ism s to destroy, 
transform  or im m ob ilize  en v iro nm en ta l co n tam in an ts  to  pro tect 
po ten tia l sen sitive  recep tors. R ec ircu la tio n  is the u se  o f  w a te r  sy s ­
tem s to m in im ize  or reduce d epend ence  on w a te r  ex ch an g e  and 
flu sh ing  in  fish  cu ltu re  un its. W ater is ty p ic a lly  rec ircu la ted  w h en  
there is a specific n eed  to m in im ize  w a te r  rep lacem ent, m ain ta in  
w a te r  q u a lity  co nd ition s w h ich  differ from  the su p p ly  w ater, or to 
com pensa te  for an  insufficien t w a te r  supp ly . It is u sed  m a in ly  to 
accom p lish : (1) aeration , 2) rem ova l o f  particu la te  m atter, (3) b io ­
lo g ica l filtra tion  to rem ove w a ste  am m on ia  and  nitrite , and  (4) 
buffering o f  pH . B io filtra tion  is the use  o f  eq u ipm en t en g ineered  
to b io d egrad e  v o la tile  o rgan ic  co m p o u n d s (V O C s) in a ir by  p a ss ­
ing  V O C  con tam inated  air m ed ia  in to  w h ich  b io d eg rad in g  m icro ­
o rgan ism s are attached.
In the P h ilipp ines, SE A F D E C  A Q D  is one  o f  the few  re­
search  and  d ev e lo p m en t in stitu tion s in  the forefront o f  aq uacu ltu re  
b io techno logy .
R ecen tly , it h o sted  the N a tio n a l P la n n in g  W orkshop  for 
A qu acu ltu re  B io tech n o lo g y  on A pril 12 in T igbauan . T he o n e-d ay  
w o rk sho p  b roug h t to ge th e r  rep re sen ta tive s o f  v a rio u s  sc ien tific 
in stitu tion s d o in g  research  on  aq u acu ltu re  b io techn o logy . It in ­
c luded  am o n g  o thers: T he U n iv ersity  o f  th e  P h ilip p ines M arine 
Science Institu te  (U P M SI), the U n iv e rs ity  o f  the P h ilipp ines in the 
V isayas N ationa l In stitu te  o f  M o le cu la r  B io lo g y  and  B io tech n o l­
o g y  (U P V -N IM B B ), and  the B u reau  o f  F isheries and  A qu atic  Re-
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A Q D  offers d isease d iagnostic  services
A q u acu ltu re  p ro d u c tio n  in S o u th e a st A sia  has g ro w n  rap ­
idly. U nfo rtu nate ly , a  nu m b er o f  in fec tious d isea se s h ave  
em erged  as w e ll o w in g  to d e te r io ra tin g  co n d itio n s in farm s 
no t p rac tic in g  so u n d  cu ltu re  m an agem en t.
V ir u s e s  h a v e  b e e n  lo n g - t im e  s c o u r g e s  o f  th e  
aq uacu ltu re  industry. O utb reaks o f  v iral infections can  cause 
m assiv e  m o rta litie s am o n g  cu ltu red  fishes and  shrim ps, and  
h ave  affected  a lm o st a ll p en aeid  sh rim p -p ro d u c in g  co u n ­
tries in th e  w o rld .
T h e  v ira l d ise a se s  sign if ican t to the sh rim p  ind u stry  
in c lu d e : ( 1) W h ite  sp o t sy n d ro m e  v iru s  (W S S V ); (2 ) 
H e p a to p an c rea tic  p a rv o -lik e  v iru s  (H P V ); (3) M ono d on  
b a c u lo v i r u s  (M B V ) ;  (4 )  I n f e c t io u s  h y p o d e rm a l  an d  
hem atopo ie tic  n ecro sis  v iru s (IH H N V ); and  (5) Y ellow  head 
v iru s  (Y H V ). S ev era l sp ec ies o f  fish  are  a lso  in fected  w ith  
V iral n e rv o u s  necro sis (V N N ) and  Iridovirus. M orta lity  rate 
is from  50 to 100%  d ep en d in g  on the d isease .
B ac teria l an d  fungal d isease s, and  parasitic  infesta tions 
h ave  a lso  been  k n o w n  to  c au se  m ass m o rta litie s in  w ild  
and  cu ltu red  fish  and  cru staceans.
O f  the b ac te ria l d ise a se s , lu m in escen t v ib rio s is  is the 
m o st s ig n if ic an t to the loca l aq u acu ltu re  industry , affecting 
v a rio u s life s tag e s  o f  sh rim p  (eg g s , la rvae , p o stla rv ae , j u ­
v en ile s , an d  ad u lts) . F ung i infect aq uatic  o rg an ism s as o p ­
p o rtu n istic  in v ad ers, bu t o n ce  e s tab lish ed , th ey  are often 
fatal and  d ifficult to  treat. O f  the parasitic  in festa tions, those 
ca u se d  b y  p ro to zo a n s , m o n o g en ea n s , n em a to d e s, and 
leech es are  the m o st com m on.
To aid  the ind u stry  in d ea lin g  w ith  its p rob lem s in d is­
eases, the D iagnostic  Serv ice  U nit o f  the F ish  H ealth  S ec­
tion o f  A Q D  accep ts sam p les for d isease d iagnosis. T he serv ­
ices are av a ilab le  for a  m in im al fee.
If y o u  w o u ld  like to request m ore inform ation  regard ­
ing  the se rv ices w e  offer and  the pro toco l in send ing  sam ­
p les, p lea se  contact:
DR. ER LIN D A  C R U Z-LA CIER D A  
H ead, Fish H ealth Section 
Em ail. eclacier@ aqd.seafdec.org.ph 
or
DR. LEO BERT DE LA PENA 
E m ail. leobertd@ aqd.seafdec.org.ph
Tel. (63-33) 335 1009, 336 2937, 336 2965 
Fax. (63-33) 511 9070, 335 1008
Service Fee per sample: PhP us$
Direct microscopy of wet mounts 
or tissue smears
MBV or HPV detection (1-10 PLs) P130 $3
Parasite detection and identification 
(1-5 specimens) P100 $2
Histopathology (H&E stain of routine 
paraffin sections
Whole mount (per slide) P 90 $2
Typical section (per slide or tissue) P150 $3
Serial section (per slide) P150 $3
Polymerase chain reaction (PCR) - based diagnosis
For samples that require DNA or RNA extraction 
before analysis
WSSV1: one-step PCR P400 $8
nested PCR P700 $14
VNN: RT-PCR P500 $10
nested PCR P800 $16
For samples that do not require DNA or RNA 
extraction before analysis
WSSV, one-step PCR P300 $6
VNN, one-step PCR P400 $ 8
Microbiology: bacteriology/mycology
Bacterial isolation (1-5 specimens) P150 $3
Bacterial identification (per isolate) P200 $4
Bacterial count
Water P 75 $2
Fry/larval/PL (1-10 larvae) P100 $2
Juveniles/fingerlings P100 $2
Fungal isolation (1-5 specimens) P200 $4
1Up to 150 PLs per sample
M ailing address:
Fish Health Section
Southeast Asian Fisheries Development Center (SEAFDEC)
Aquaculture Department
5021 Tigbauan, Iloilo, Philippines
Prevention is better than cure
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AQD Chief Dr. Rolando Platon reappointed for the fourth time
Dr. R o lando P laton began  his fourth 
tw o -y ea r  term  as S E A F D E C /A Q D  
C hief in A pril 2002. and he is lo o k ­
ing  forw ard  to co n tin u ing  A Q D ’ s 
p r io r i t y  o f  t e c h n o lo g y  
c o m m e r c ia li z a t io n  a n d  te c h n o ­
transfer.
A dded  to th is m issio n  is a  new  
direction  for A Q D  — b io techno logy  
research  — w hich  w ith  the approval 
o f  P431 m illio n  L a b o ra to ry  for A d va n ced  A q u a cu ltu re  T echn o lo ­
g ie s  w ill help  the ind u stry  attain  its go a l o f  susta inab ility .
In  his first three te rm s, Dr. P laton has es tab lish ed  m ajor 
in frastructu res at A Q D  like the In te g ra te d  F ish  B ro o d s to c k  a nd  
H a tch ery  D em o n stra tio n  C o m p lex  (a sh o w case  o f A Q D 's b reed ­
ing -h a tchery  tech no lo g ie s), D u m a n g a s  B r a c k ish w a te r  S ta tio n  (for 
field  tria ls o f  fish  g ro w -o u t tech n o lo g ie s) , and  F ish  W orld  (an 
en v iro nm en t ed u catio n  center).
Dr. P la ton  a lso  in v o lv ed  A Q D  in  co llab o ra tiv e  p rojects w ith  
the A u stra lia n  C en te r  fo r In te rn a tio n a l A g r ic u ltu ra l R e sea rch  
(A C IA R , o n  s e m i - in te n s iv e  s e e d  p r o d u c t io n  o f  g r o u p e r ) ,  
E uropean  U nion  (EU , on  feed  d ev e lo p m en t for la rv a l fishes and  
m ud crab ), In te rna tio na l C en ter for L iv in g  A qu atic  R eso urces 
M anagem en t (IC L A R M , on  co asta l resou rce  m an agem en t), and  
the A ssociation  o f S ou theast A sian  N ations (A SE A N , on m angrove- 
friendly aquaculture and aquaculture d isease m anagem ent), to  nam e 
a  few.
D r. P la to n  w a s  a p p o in te d  b y  th e  S E A F D E C  C o u n c i l  
(S E A F D E C ’ s p o licy  m ak ing  b od y ) on  the reco m m en d a tio n  o f the 
P h ilipp ine governm en t, the h ost co un try  o f  A Q D .
Top shell releasing 
reproductive cells 
(note the white “smoke-like” 
substance coming out 
of the shell)
SEAFDEC/AQD succeeds in spawning the top shell Trochus niloticus
SEAFDEC/AQD has began producing hatchery-reared top shells 
( Trochus n ilo ticu s) for its stock enhancem ent program  after it first 
successfully spawned the species on February 1 , 2002. Forty gravid 
spaw ners (50-80 mm in basal diameter) were m ade to spawn by 
subjecting them to static-w ater stim ulus and thermal shock. This 
batch of spaw ners produced 337,000 active veliger larvae out of 
two m illion eggs.
Top shell is econom ically important to coastal com m unities 
because its aragonite shell is a prim ary material for mother-of- 
pearl buttons. However, increased fishing pressure caused its natural 
population to decline, hence, A Q D ’s efforts on seed production 
and stock enhancem ent. But the extent of w ork w ill depend on the 
availability o f  funds.
The next successful spaw ning o f the top shells came on Febru­
ary 27. Forty-one gravid spaw ners subjected to static w ater stim u­
lus produced 319,000 active veliger larvae from 2.6 million eggs.
The other batch with 42 gravid spawners subjected to therm al shock 
produced 46,000 active veliger larvae from 400,000 eggs.
The larvae stocked in settlem ent tanks w ith corrugated PVC 
plates are currently m onitored to determ ine settlem ent, growth, 
and survival rates. Larval developm ent and stocking density w ill 
also be determined. Benthic diatom s previously  grow n on PVC 
plates served as food for the larvae.
AQD researchers obtained the spaw ners as juveniles from Iris 
Hatchery in Palawan, w estern Philippines, in Septem ber 2001 and 
reared these in outdoor tanks. In January 2002, researchers ob­
served som e juveniles (about 2-3 m onths old), indicating sponta­
neous spaw ning since N ovem ber-D ecem ber 2001.
The scientists w orking on top shell seed production and stock 
enhancem ent are Mr. Rolando Gapasin, Dr. C larissa M arte and Dr. 
Wenresti Gallardo.
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M y a n m a r  a d o p ts  e n v ir o n m e n t-fr ie n d ly  s c h e m e s ,  
g e ts  b u m p e r  s h r im p  h a r v e s t
T he go vernm en t o f  M yanm ar cou ld  not thank  SE A F D E C /A Q D  en oug h  for a  successfu l 
tech n o lo g y  transfer o f  shrim p cu lture  in Y angon, say s Mr. U  M in T ham e, co ord ina to r for the 
Jap an ese  T rust F und  project on  m an grov e-frien d ly  shrim p cu lture  in h is country.
T he project reported  a bum per crop that w as so ld  to an  expo rter w ith  no  sh rim p  rejected. 
T he y ie ld  o f  the 7 ,226 n r  dem onstra tion  pond  w as abou t 7 ,100 kg after 101 d ay s o f  cu lture  - 
- or abou t 10 tons per ha. T he cu lture  schem e inc lud ed  the use  o f a s lu d g e  co llec tor, tilap ia  as 
b io m an ipu la to rs to p roduce greenw ater, long -a rm  p ad d lew h ee ls , and  a re se rvo ir  to  im prove 
w a te r q ua lity  in the g ro w -o u t pond.
A n A Q D  technic ian  from  the P h ilipp ines stayed  in  M yan m ar for the d u ra tio n  o f  the run. 
The M yanm ar project is part o f  a reg ion-w id e  p rogram  on  m angrove-friend ly  aquacu lture  
b e in g  im p lem ented  by  SE A FD E C .
A Q U A F A R M E R S ’ C O R N E R  
A n  in te r n e t  d isc u ss io n  b o a r d  on  a q u a c u ltu r e  
te c h n o lo g y  a t th e  fa rm  le v e l
C h e c k  o u t th e  la te s t  S E A F D E C /A Q D  d is c u s s io n  b o a rd  on  
aquacu ltu re  te ch n o lo gy  on line  - A qu afarm ers’ C orner. T he site w as 
crea ted  to  se rve  as ven u e  for ex c h an g in g  and sh aring  ideas and 
issues by  various stak eho lders o f  the industry  to further aquaculture 
d ev e lo p m en t in the country.
T here is a  need  to  push  aq uacu ltu re  produc tion  to h igh er lim ­
its in a n sw er  to the p rob lem  o f  eve r-inc reasin g  pop u la tio n  and  de­
c r e a s in g  m a r in e  f i s h e ry  c a tc h . T h e  te c h n o lo g ie s  fo r  b e t te r  
aq uacu ltu re  p ro d u c tiv ity  are a lread y  found  in research  institu tions, 
p ro g re ss iv e  aq u acu ltu re  farm s, and  d ev e lo p m en t agenc ies in  the 
w o rld . H o w ever, th ese  te ch n o lo g ie s  m u st reach  the bo ttom  level 
o f  p rod uc tio n  — th e  farm  itself. U nd er th is scenario , the d iscu ssio n  
board , and  o u r v a s t poo l o f  experts, hope to g iv e  an sw ers to  yo u r 
q ue ries on  aq u acu ltu re  tech n o lo g y  at the farm  leve l. W e w ill a lso  
be g lad  to h ea r  abou t y o u r ex periences so  that w e m ay  bu ild  on it.
C o m e , v is it us!
h t tp : / /w w w .s e a f d e c .o r g .p h
N ex t on lin e co u rse  open  for en ro lm en t: 
A quaculture nutrition
N eed ing  to update  yo u r kn o w led ge  on aq uacu ltu re  nu trition  but 
w an t to learn  at y o u r ow n  tim e, pace, and  p lace?  T h is o n lin e  course  
is for yo u , and  it w ill start on  A ugu st 6.
The course on B a sic  p r in c ip le s  o f  a q u a cu ltu re  n u tr itio n  teaches 
the essen tia ls  o f  aquacu ltu re  nu trition , feeds and  feed ing  m an ag e­
m ent. C ourse  m ateria ls are research -based  and p rod uc ts o f  m ore 
than  25 years o f  research  experience in  fish  nu trition  and  feed  de­
v e lop m en t at SE A F D E C /A Q D . M oreover, recen t w o rk s from  re­
search  in stitu tion s w o rld w id e  are inc luded . T he course  is presen ted  
in 4 un its co n sis tin g  o f 10 m odules.
L earners are required  to have a back groun d  in co lleg e  ch em ­
istry, fish  b io lo gy  o r fisheries; and  access to  the internet.
The course  co sts U S $250  (or P6 ,500  for P h ilipp ine n a tio n ­
als). L earners from  SE A F D E C  m em ber co un tries m ay  av a il o f  a 
fe llow sh ip  g ran t th ro ugh  their C ouncil D irector. A vailm en t o f  the 
g ran t is on  a com petitive  basis.
F or fu rther inqu iries, contac t: Dr. O seni M illam ena , course  
officer, at em a il o s e n i@ a q d .se a fd e c .o rg .ph  o r tra in in g @ a q d . 
seafdec.org .ph ; fax (63-33) 336  2891
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A m a r EC , K iron  V, Satoh  S, W atanabe T. 2001. Influence o f  v a ri­
ou s d ie tary  syn the tic  caro teno ids on  b io -defense  m ech an ism s in 
ra in b o w  trou t, O n c o rh y n ch u s  m yk is s  (W albaum ). A q u acu ltu re  
R esearch  32 (S u p p l 1): 162-173
A bstract. This study exam ined the influence o f different carotenoids 
on grow th and som e im m une indices in rainbow  trout. S ix sem ipurified 
casein-based  d iets w ere  form ulated  to contain  one o f  three different 
carotenoids: astaxanth in , canthaxanthin and beta-carotene, at 100 m g 
k g -1, each o f  them  w ith vitam ins A, C and E either added or omitted. The 
tw o  control diets contained  no carotenoids and were either with or w ith ­
out the vitam ins. R ainbow  trout w eighing  about 140 g were fed the diets 
for 9 weeks. Specific grow th  rate, feed:gain ratio and nonspecific im ­
m une param eters w ere determ ined. Growth and feed conversion were sim i­
lar am ong the groups. Im m une param eters like production o f reactive 
oxygen  species by head  kidney leukocytes and p lasm a total im m unoglobu­
lin levels did not vary  w ith  the treatm ent. Serum  com plem ent activity in 
both beta-carotene groups and the v itam in-containing astaxanth in group 
w ere significantly higher than both the control fish. Serum  lysozym e ac­
tiv ity  in the v itam in-con taining  carotene and astaxanth in groups w ere sig ­
nificantly different from both control groups. Phagocytic activity w as also 
h igh  in the v itam in-containing  beta-carotene and  astaxanth in groups com ­
pared w ith the controls. For phagocytic  index, in addition to the foregoing 
groups, the v itam in-containing  canthaxanthin group gave better results 
com pared w ith the controls. The vitam in-containing astaxanthin and beta- 
carotene groups also  exhibited better nonspecific cytotoxicity for the pe­
ripheral b lood lym phocytes at all effector-to-target ratios. Thus, am ong 
the carotenoids studied, beta-carotene and astaxanthin elevated hum oral 
factors such as serum  com plem ent and lysozym e activity, as w ell as ce llu ­
lar factors such as phagocytosis and nonspecific cytotoxicity. In the pres­
ence o f the vitam ins the carotenoids exerted a greater influence on the 
bio-defense m echanism s o f  rainbow  trout.
B autista-T eruel M N , M illam ena O M , F erm in  A C. 2001. R e­
p rod uc tive  perform ance o f  hatchery-b red  d o n k ey ’s ear abalone , 
H a lio tis  a sin in a  L inne, fed natu ra l and  artific ia l d iets. A quacu ltu re  
R esearch  32 (Supp l 1): 249-254
A bstract. H atchery-bred donkey ’s ear abalone, H alio tis  a sin ina  Linne 
broodstock w ere given diets consisting  o f natural food, seaw eed (SW ), 
G ra cila r io p sis  ba ilinae, D 1 ; com bination o f SW  and artificial diet (AD), 
D2; and AD alone, D3. Equal num bers o f  1:1 fem ale and m ale abalone 
w ere stocked in 24 units, 60 L tanks w ith eight replicate tanks per dietary 
treatm ent. R eproductive perform ance, e.g. num ber o f  spaw nings, instan­
taneous fecundity and egg  hatching rates, w as m onitored over 270 days. 
The m ean num ber o f  spaw nings w as not significan tly different am ong 
treatm ents. The m ean instan taneous fecundity and percent hatching rates 
were significantly h igher in abalone fed D2 or D3 com pared to those g iven 
D 1. Survival o f abalone broodstock fed D 1 w as, how ever, significantly 
h igher at 88%  than those fed either D2 or D3 at 75%. Fatty acid analysis 
show ed  that the n-3/n-6 fatty acid ratios o f abalone hepatopancreas re­
flected those o f their diets. M ature abalone ovary had n-3/n-6 fatty acid
ratio o f  1:3. A h igher am ount o f  essential nutrients in the artificial diet 
such as protein, lipid and the h igh ly  unsaturated  fatty acids, e.g. 20 : 4n-6, 
20 : 5n-3, 22 : 6n-3 in abalone fed D2 or D3, m ay have influenced the 
increased reproductive perform ance.
B orlon gan  IG, Satoh  S. 2001. D ie tary  p h o sp h o ru s req u irem en t o f  
juven ile  m ilkfish, C h an o s ch a n o s  (Forsskal). A quacu ltu re  R esearch  
32 (S upp l 1): 26-32
A bstract. Seven isocaloric and isonitrogenous diets w ith  graded lev ­
els o f m onopotassium  phosphate to y ie ld  total phosphorus levels o f  0.28 
(no P supplem entation), 0.43, 0.58, 0.73, 0 .88 , 1.03 and 1.18% w ere pre­
pared and fed to five replicate groups o f  10 juvenile  m ilkfish (initial w eight 
=  2.5 g). After 16 w eeks o f  feeding, significant differences in grow th  (300- 
570% ), survival rates (70-100% ), and bone and scale m ineralization w ere 
found am ong treatm ent groups. W eight gains o f m ilkfish increased lin­
early up to the 0.88%  dietary phosphorus concentration and  levelled  off 
beyond this dietary level. Bone and scale ash, calcium  and phosphorus 
concentrations show ed sim ilar patterns as w eigh t gain  in response  to  di­
etary phosphor-L  is concentration. B roken-line regression  analyses o f 
these data indicated that the d ietary phosphorus level required for optim al 
grow th  and m ineralization o f  juvenile  m ilkfish  is approxim ate to 0.85%  
o f dry  diet.
G u anzon  N G , N akah ara  H. 2002. G ro w th  and  p h o to sy n th e sis  in ­
h ib ition  by  agricu ltu ra l p estic id es in th ree  fre sh w ater m icroa lgae . 
F isheries Science 68 (1): 144-151
A bstract. G rowth rate and photosynthesis o f  M icrocy stis  aeruginosa . 
Scen ed esm u s quadricauda  and  A u la co se ira  gra n u la ta  exposed  to differ­
ent concentrations o f  the agricultural pesticides CNP (p-nitrophenyl-2, 4 , 6- 
trichlorophenyl ether), M EP [O ,O -d im ethy l-0-(3-m ethy l-4-n itrophenyl) 
th iophosphate], ISP [isopro th io lane (C 1 2 H 1 8 0 4 S 2 )], and  T B T  (tri-n- 
butyltin  chloride) w ere determ ined. The effective concentration (EC50) 
for grow th and photosynthesis in each species o f  m icroalga w as then ca l­
culated. Inhibition o f  grow th  and photosynthesis in the three m icroalgae 
w as greatest w hen  exposed  to CNP and TBT. M icro cy s tis  a eru g in o sa  and 
A. gra nu la ta  show ed a h igher to lerance, w hereas S. quadricauda  show ed 
a h igher sensitivity. E xcept for MEP, the EC50 values for grow th  obtained 
in the three m icroalgae w ere h igher than those for photosynthesis. The 
grow th-photosynthesis response relationship show ed  that, for CNP and 
TBT, grow th o f the three organism s tested  w ere less inhib ited  than their 
photosynthesis at a low er exposure (0.001 -0.05µ g/L). A t a h igher expo­
sure (0.10-1.0 µ g/L), the response betw een relative grow th  rates and rela­
tive photosynthesis w as proportional. For M EP and ISP, a proportional 
response existed betw een relative grow th  rates and relative photosynthe­
sis in all test organism s. These results suggest that the inhibition o f  grow th 
and  p h o to sy n th e s is  b y  a g r ic u ltu ra l p e s tic id e s  d iffers for th e  th ree  
m icroalgae. The differences can be explained  in term s o f  the p h ysico ­
chem ical properties o f the four pesticides and the physio logical and m or­
phological properties o f  the three m icroalgae.
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Lebata JHL, Primavera JH. 2001. Gill structure, anatomy and 
habitat of Anodontia edentula: Evidence of endosymbiosis. Jour­
nal of Shellfish Research 20 (3): 1273-1278
A b s tra c t.  S u rv ey s  and  in te rv iew s w ere  con du c ted  to  dete rm ine  sources 
an d  h ab ita t o f  A n o d o n tia  ed e n tu la .  R e su lts  sh o w ed  th a t th e y  inh ab it m u d d y  
su b stra te  o f  m a n g ro v e  a re a s  o r th e  ad jacen t m u d f la ts , b u ry in g  a t 2 0 -60  
cm  d ee p  in  th e  m ud . T h e y  are  s tra te g ic a lly  s itu a te d  in  th e  su lfide-rich , 
lo w -o x y g e n  la y e r  o f  th e  su b stra te  b u t h a v e  a c c e ss  to  o x y g e n  th ro u g h  th e ir  
in h a lan t tu b e ; b o th  su lf id e  an d  o x y g e n  are  e ssen tia l for th e ir  su rv iva l. S tud y  
o f  th e  c la m ’s g ro s s  a n a to m y  re v e a le d  th ick , f leshy , d ee p  p u rp le  to  b lac k ­
ish  b ro w n  g i lls ;  red u ce d  d ig e s t iv e  stru c tu re ; a n d  a  h ig h ly  e la s tic  fo o t c a ­
p a b le  o f  e x te n d in g  se v e ra l tim e s  lo n g e r  th a n  its b o d y  len g th . T h ese  o b se r­
v a t io n s  c o n fo rm  w ith  th e  a n a to m y  o f  fe llo w  lu c in id  c la m s. F u rth e rm o re , 
s c a n n in g  e le c tro n  m ic ro g ra p h s  sh o w ed  c o c co id  o r  sp h erica l b ac te r ia  o c ­
c u p y in g  b a c te r io c y te s  in  th e  c la m ’s g ills . In te rm ed ia te  c e lls  se p a ra tin g  
b a c te r io c y te s  o b se rv e d  in  o th e r  lu c in id s  w e re  a lso  n o te d  in  the  SE M .
Millamena OM, Golez NV. 2001. Evaluation of processed meat 
solubles as replacement for fish meal in diet for juvenile grouper 
Epinephelus coioides (Hamilton). Aquaculture Research 32 (Suppl 
1): 281-287
A b s tra c t.  F e e d in g  e x p e rim e n ts  w e re  c o n d u c te d  to  d e te rm ine  th e  effi­
c acy  o f  lo w  fish -m ea l-b ased  d ie ts for ju ve n ile  g ro u p e r E p in e p h e lu s  c o io id e s  
(H am ilto n ) . A  d ie t c o n ta in in g  4 4 %  p ro te in  w a s  fo rm u la te d  u s in g  fish  m ea l 
a s  th e  m ajo r p ro te in  so u rce . P ro ce sse d  m ea t so lu b le s , a  ren d ere d  b y -p ro d ­
u c t o f  s la u g h te rh o u se s , w a s  te s te d  a s  a  rep lac e m e n t for fish  m ea l a t in ­
c re a s in g  p e rc e n ta g e s  from  0 to  100%  in  iso n itro g e n o u s  d ie ts. E ig h t d i­
e ta ry  tre a tm e n ts  re p re se n tin g  f ish -m ea l rep lac e m e n ts  w e re  a rra n g e d  in  a 
c o m p le te ly  ra n d o m iz e d  d e s ig n  w ith  four rep lica te s  p e r  trea tm en t. T w en ty - 
five  fish  w e re  rea re d  in  c irc u la r  f ib re g la s s  ta n k s  o f  c ap ac ity  2 5 0  L , m a in ­
ta in ed  in a  f lo w -th ro u g h  se a w a te r  sy s te m  an d  fed  at 5 -6%  o f  to ta l b iom ass, 
p ro v id e d  d a i ly  a t 0 8 :0 0  an d  16 :00  for 60  d ay s . R e su lts  in d ica te  th a t p ro c ­
e sse d  m ea t s o lu b le s  c an  re p la c e  4 0 %  o f  f ish -m e a l p ro te in  w ith  no  ad ve rse  
effects o n  w e ig h t g a in , su rv iv a l an d  o r  feed  c o n v e rs io n  ra tio  o f  E . c o io id e s  
ju v e n ile s . H ig h e r  in c lu s io n  le v e ls  re su lted  in  a  sig n if ican t dec lin e  in g row th  
p e rfo rm an c e  an d  ine ffic ien t feed  c o n v e rs io n  ra tio s , w h ic h  m a y  p a rtly  re ­
su lt from  th e  la c k  o f  e s se n tia l n u tr ien ts  su c h  as e sse n tia l am in o  ac id s  in 
m ea t so lu b le s . T h is  s tu d y  h a s  sh o w n  th a t th e  u se  o f  p ro c e ssed  m ea t so lu b les
su b s ta n tia lly  lo w ers  th e  lev e l o f  fish  m ea l req u ired  in  ju v e n ile  g ro u p e r 
d ie t and  can  be  an  effic ien t m ea n s  o f  tu rn in g  b y p ro d u c ts  from  s la u g h te r­
h o u se s  in to  a  u sefu l feed  resou rce .
Millamena OM. 2002. Replacement of fish meal by animal by­
product meals in a practical diet for grow-out culture of grouper 
Epinephelus coioides. Aquaculture 204 (1-2): 75-84
A b s tra c t.  A  fe ed in g  tria l w a s  co n d u c te d  to  e v a lu a te  th e  p o te n tia l o f  
re p lac in g  fish  m ea l w ith  p ro c e sse d  an im a l b y -p ro d u c t m e a ls , m e a t m ea l 
a n d  b lo o d  m e a l (4 :1  ra t io ) ,  in  p r a c t ic a l  d ie ts  fo r  j u v e n i le  g r o u p e r  
(E p in e p h e lu s  c o io id e s ). E ig h t iso n itro g e n o u s  d ie ts  w e re  fo rm u la te d  to 
c o n ta in  4 5 %  p ro te in  an d  12%  lip id . F ish  m ea l w a s  rep lac e d  b y  0% , 10% , 
20% , 30% , 4 0 % , 60% , 80% , and  100%  o f  m ea t m ea l and  b loo d  m ea l (4: 
1) m ix tu re  (d ie ts  1-8). T h e  d ie t w ith  100%  fish  m ea l (d ie t 1) o r  tra sh  fish  
a s  feed  (d ie t 9 ) w e re  u se d  a s  con tro ls . G ro u p e r ju v e n ile s  w e re  rea re d  in 
2 5 0 - l c irc u la r  f ib e rg la ss  ta n k s  m ain ta in e d  in  a  f lo w -th ro u g h  se a w a te r  sy s ­
tem . E ach  d ie ta ry  tre a tm e n t w a s  te sted  in  q u a d ru p lic a te  g ro u p s  o f  25 fish  
p e r  tank  a rran g e d  in  a  c o m p le te ly  ran d o m iz e d  d es ig n . F ish  w e re  fed  the  
d ie ts  tw ice  p e r  d ay  at a  d a ily  fe ed in g  ra te  o f  5 -6 %  o f  b io m a s s  an d  trash  
fish  a t 10-12%  o f  b io m ass  fo r 60 d ay s. P e rce n tag e  w e ig h t g a in , specific  
g ro w th  ra te  (S G R ), su rv iv a l, feed  c o n v ers io n  ra tio  (F C R ) an d  b o d y  c o m ­
p o sitio n  o f  g ro u p e r  ju v e n ile s  w e re  m easu red . T h ere  w e re  no  s ig n if ican t 
d iffe rences (P  >  0 .05 ) in  g ro w th  p e rfo rm an c e  a m o n g  fish  fed d ie ts  1-7 (0 - 
80%  fish  m ea l rep lac e m e n t)  w ith  th o se  fed  d ie t 9 ( tra sh  fish  a s  feed). 
H o w e ve r, fish  fed d ie t 3 h ad  s ig n if ic a n tly  h ig h e r  (P  <  0 .0 5 ) g ro w th  than  
th o se  fed  d ie t 100%  fish  m ea l rep lacem en t. S u rv iv a l am o n g  fish  fed  the  
e x p e rim en ta l d ie ts  d id  n o t s ig n if ic an tly  d iffer (9 6 -1 0 0 % ) b u t w a s  s ig n if i­
c a n tly  h ig h e r  (P <  0 .05 ) th an  su rv iv a l (9 0 % ) o f  fish  fed  tra sh  fish . T h ese  
re su lts  sh o w ed  th a t u p  to  80%  o f  fish  m ea l p ro te in  c an  b e  rep lac e d  b y  
p ro c e sse d  m eat m eal and  b loo d  m eal c o m in g  from  te rrestria l a n im a ls  w ith  
n o  ad v e rse  effects o n  g ro w th , su rv iv a l, and  feed  c o n v e rs io n  ra tio  o f  E. 
c o io id e s  ju v e n ile s .
[Note: Abstracts from journals covered by Current Contents are downloaded 
from the CD-Rom version (Agriculture, Biology & Environmental Sciences; 
Week 14, 16 April 2001 -  08 April 2002). 2002. Institute for Scientific Infor­
mation, Pennsylvania, USA]
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so u rces (B FA R ). A lso  p resen t w e re  rep resen ta tive s, from  the D e­
p artm en t o f  S cience  and  T echno logy , R eg ion  V I, U P V -C o llege o f  
A rts and  S ciences (C A S), and  the D epartm ent o f  A gricu ltu re  (D A ). 
T h e a im  o f  the w o rk sh o p  w a s  to m ap a co m p rehensiv e  p rogram  on 
aq u acu ltu re  b io tech n o lo g y  and  to exp lo re  areas for co llabora tio n  
b e tw een  in stitu tio n s en g ag ed  in aq uacu ltu re  b io tech  research .
SE A F D E C  A Q D ’s research  ac tiv itie s on aq uacu ltu re  b io ­
te ch n o lo g y  are  focused  on  the fo llo w in g  m ajor areas: genetic  char­
acterization  o f  w ild  and  cu ltured  popu la tions o f  se lected  aquaculture 
species, d ev e lo p m en t o f  stra teg ie s  for g ro w th  en hancem en t and 
th e  co n tro l o f  rep rod uc tio n  in se lec ted  fish and  cru staceans, co n ­
trol o f  d ise a se s , feed  tech n o lo gy , and  seaw eed s b io techno logy . 
S E A F D E C  A Q D  is cu rren tly  bu ild in g  a L abora tory  for A dvanced  
A q u a cu ltu re  T e ch n o lo g ie s  o th e rw ise  k n o w n  a s  B io te ch n o lo g y  
L abora to ry  (see  a lso  the back  p age  story, th is issue).
T h is in itiative addresses issues concern ing  capab ility -bu ild ­
in g  in  m arine b io tech n o lo g y  such  as: fo rm u la tio n  o f  appropriate 
n a tio na l p rog ram s in th is field , se tting  o f  p rio rities for d irected 
R & D , secu ring  long -term  fund ing  for R & D , te ch n o lo g y  transfer, 
and  industry  in itiatives.
In sum m ary, the aquacu ltu re  sec to r w ill confront the issue 
o f  b io tech n o lo g y  th rough:
• d ev e lo p in g  and  ap p ly in g  b io tech n o lo g ica l in n o v a tio n s for 
ad van ces in nu trition , genetics , h ea lth  and  en v iro nm en ta l 
m anagem ent.
• ad d re ss in g  the p o ten tia l im p lica tion s for aq uacu ltu re  o f  
b io techno logy , in c lu d in g  g en e tica lly  m odified  o rg an ism s 
(G M O ) and  o ther p roduc ts, in  a precau tionary , safe and  
practical w ay ; and
• en co urag ing  pub lic  aw aren e ss  and p ro v id in g  inform ation  to 
co nsu m ers on  the po ten tia l app lica tion s o f  b io techno logy .
-  APS
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F R O M  A R O U N D  T H E  W O R L D
A fr ic a  a n d  F r a n c e :  m o d e ls  fo r  o p tim iz in g  
t i la p ia  y ie ld s
E xten siv e  cu ltu re  o f  N ile tilap ia  has no t a lw a y s  g iv e n  trop ical A f­
rican  farm ers a g o o d  deal. T he m o st critical d ec ision  appears to  be 
stock ing  d ensity  g iv e n  the lim ited  inputs. For in stance , stock ing  2 
fish  per m 2 (co n sid e red  “h ig h ”  in  lo w  p rod uc tiv ity  environm ents) 
h as led  to s tun ted  p o p u la tio n s and  v e ry  lo w  y ie ld s. T h is led  re ­
search ers o f  th e  A sso c ia tio n  P isc icu ltu re  et D eve lo p p em en t en 
A frique T rop icale  H um ide in  F rance to deve lo p  m odels w h ereb y  
farm ers can  dec id e  th e ir stock ing  d en sity  b ased  on  the leng th  o f  
cu ltu re  they  can afford to  m ain ta in  or on the size  o f  fish th ey  w an t 
to m arket. R esearchers F rederic G la sse r  and  M arc O sw a ld  then  
va lida ted  the m odel in C ote d e ’ Ivo ire  farm s.
S u p p o sin g  the tilap ia  farm er has tw o  ch o ices o f  cu ltu re  p e ­
riod  –  100 or 300 d ay s -  w h a t stock ing  d en sity  sh o u ld  he use?  The 
researchers say  that based  on  m o d el 1 sh o w n  below , stock  d ensity  
o f  0.5 fish p er m 2 can  net the farm er 1.42 to n s per h a  per yea r  in 
100 days; d ensity  o f  0.4  fish per m 2 can  net h im  1.14 to n s in  300 
days. B ey o n d  th ese  d ensitie s, the tilap ia  farm er w ill start losing.
Model 1 Simulated net yields at different stocking densities, for different 
rearing periods: 100 days (▲) or 300 days (○). The calculated values are 
compared for optimal density and 2 fish per m2 (values in bold 
correspond to net yields, numbers in brackets indicate final mean weight 
reached [cf. Aquatic Living Resources 14: p 323 (2001)]
S u p p o sin g  the farm er bases his d ec ision  on  the size  o f  fish 
he w an ts  to se ll?  H is ch o ices co u ld  be 150 o r 450 g. B ased  on 
m odel 2 below , it is b es t for the farm er to stock  at 0 .4  fish per m 2 to 
ge t 150 g  fish (h is m ax im um  y ie ld  w o u ld  be abou t 1.35 tons per ha 
p er year); o r to stock  at 0 .2  fish  per m 2 to ge t 450  g  fish (y ie ld  ~  
1.06 tons).
The French researchers em phasized  that in decreasing  stock­
ing  density , a tilap ia  farm er can ob tain  h igh er y ie ld  w ith  a shorter
Model 2 Simulated net yields obtained at different densities for different 
fish mean weight objectives: 150 g (▲) or 450 g (○). The maximal net 
yields are indicated in bold; the numbers in brackets correspond to the 
rearing period [cf. Aquatic Living Resources 14: p 324 (2001)]
rearing  period  and  a h igh er final m ean  w e igh t. I f  a lo n g e r  period  
and  a lo w er d en sity  is ch o sen , the farm er w o u ld  p rod uce  fish  w ith  
a  m u ch  h ig h e r  m a rk e t v a lu e  a n d  o b ta in  h ig h e r  y ie ld s .  [REF: 
oswaldm@planetepc.fr; Aquatic Living Resources 14: 319-326 (2001)]
K a o h siu n g , T a iw a n : sc ie n tis ts  fo r  su s ta in a b le  
m a n a g e m e n t
O ver 2 ,900  sc ien tis ts  o f  the A sian  F isheries S oc ie ty  (A F S ) h ave  
adop ted  a reso lu tion  on  the sta tu s o f  the aquatic  resou rces an d  the 
u rgen t steps that need  to be taken  for the su sta in ab le  m an ag em en t 
o f  r e s o u r c e s .  T h e  e n s u in g  d o c u m e n t  h a s  b e e n  n a m e d  T h e  
K ao h siu n g  D ec la ra tio n  (see overleaf), an d  w ill be  b ro u g h t to the 
a tten tion  o f  the fo rthcom ing  Jo h an n esb u rg  S um m it 2002  (W orld  
Sum m it on  S usta inab le  D eve lop m en t) as official sta tem en t o f  the 
m em bers o f  the Society.
The sum m it w ill be  a  g a th e rin g  o f  th o u san d s o f  partic ipan ts 
from  all ove r the w orld , inc lud ing  head s o f  states and  governm en ts; 
na tiona l d e lega tes; rep resen ta tives from  research , tra in ing  an d  ed u ­
cational in stitu tion s; n o n go ve rn m en t in stitu tion s; the ind u stry ; and 
o ther co ncerned  groups. F oca l p o in t o f  the su m m it w ill be action  
p lan s for su sta in ab le  d evelopm ent.
In a re la ted  d eve lo pm en t, A F S  w ill h o ld  th e  n ex t A sia n  F ish ­
e r ie s  F o ru m  in M alaysia . T he forum  w ill be  h o sted  by  U n iv ersiti 
S a ins M alay sia , U n iversiti P utra M a lay sia , M a la y sia n  M in is try  o f  
A gricu ltu re , M a lay sian  F ishe ries Socie ty , IC L A R M -T h e  W orld 
F ish  C entre , and  F isheries D eve lop m en t A u th o rity  o f  M alaysia .
T he them e is N ew  d im en s io n s  a n d  c h a lle n g e s  in  A sia n  f is h e r ­
ie s  in th e  2 1 s t c en tu ry . B ack g ro u n d  in form ation  m a y  be  accessed  
th ro ugh  h ttp ://w w w .cg iar.o rg /ic larm /afs o r w w w .n a v o n .co m /a fs .
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Asian Fisheries Society: 
Working for Fisheries, Aquaculture, and the Environment
THE KAOHSIUNG DECLARATION
Adopted by the 6th General Assembly of the Asian Fisheries Society 
Kaohsiung, Taiwan, 28 November 2001
The Asian Fisheries Society is an international, non-government 
professional body of 3,000 members from 75 countries and territo­
ries. Its purpose is to address fisheries issues, promote global co­
operation, link fisheries scientists, sponsor and support young sci­
entists, disseminate information through publications and scientific 
conferences. The Society is affiliated with several like-minded na­
tional and international fisheries societies.
This Declaration of the Asian Fisheries Society adopted by the 
Sixth General Assembly is hereby submitted to the Johannesburg 
World Summit on Sustainable Development, in view of the great 
importance of fish and other aquatic products to Asia and the rest 
of the world. Such importance was recognized at the Earth Sum­
mit in Rio de Janeiro in 1992 and Articles 17-18 of Agenda 21 pro­
vide for the development and management of fisheries and 
aquaculture in the context of the oceans and the freshwater envi­
ronment.
The Asian Fisheries Society declares that:
The importance of fish, fisheries and aquaculture in the context of 
the natural and human environment should be reaffirmed at the 
Johannesburg Summit.
Fisheries and aquaculture should continue to be developed to their 
optimum sustainable levels so that they contribute to the food and 
nutritional security, livelihoods, economic growth, and improved liv­
ing standards in Asia and the rest of the world.
Cooperation is needed at national, regional and international lev­
els among sociopolitical and academic institutions and the fisher­
ies and aquaculture sectors to achieve sustainable aquatic pro­
duction, environment protection, and socioeconomic development.
National governments and the development assistance commu­
nity should increase their commitments to the fisheries and 
aquaculture research and development so that they can meet the 
challenges of industry sustainability and globalization, and ecosys­
tem protection and rehabilitation and contribute to welfare of poor 
in developing countries.
Background: Current realities in Asian fisheries and 
aquaculture
• Fish and fisheries products are the primary sources of animal 
protein in Asia and make a major contribution to the world’s food 
supplies.
• Asia is the world’s largest producer, consumer, and exporter of 
fish and fish products.
• Inland and marine capture fisheries and aquaculture are major 
contributors to the food security and livelihood of millions of 
Asians, and the economies of the Asian countries.
• Despite the large harvests from fisheries, the vast majority of 
Asians who depend on fisheries are mired in extreme poverty.
• Rapid population growth in Asia and elsewhere in the world in­
creases the demand for fish and the pressure on fisheries re­
sources.
• International trade and globalization place greater demands on 
Asian fisheries and aquaculture.
• The open-access commons nature of most capture fisheries has
led to the degradation of many marine and freshwater ecosys­
tems and the decline of fisheries stocks in Asia and around the 
world. A Code of Conduct for Responsible Fisheries has been 
formulated to protect ecosystems and ensure the sustainability 
of the fisheries industry.
• Aquaculture has long produced additional fish for a larger Asian 
population and is expected to increase its contribution to the 
global food supply. Some aquaculture practices have caused 
environmental problems, but public vigilance and a Code of Con­
duct for Responsible Aquaculture are expected to keep the in­
dustry environment-friendly and sustainable.
• Marine and freshwater ecosystems in Asia contain the greatest 
diversity of species in the world, but many species are now vul­
nerable or threatened with extinction due to overfishing, habitat 
destruction, and pollution.
• Enhanced capabilities in science and technology, resources man­
agement, and people empowerment are needed in all develop­
ing countries of Asia, to meet the challenges of fisheries and 
aquaculture sustainability, environment protection, and globali­
zation.
Asian Fisheries Society: Action Plan for the Decade
1 Support research and development in fisheries, aquaculture, 
and the environment.
2 Bring greater awareness among national governments, multi­
lateral financial institutions, and donor agencies the importance 
of fisheries and aquaculture and encourage them to increase 
their commitments to the sector.
3 Communicate scientific knowledge on the state of fisheries re­
sources and help national and local governments and commu­
nities to implement effective management measures to sustain 
fisheries.
4 Disseminate scientific knowledge and appropriate technologies 
for sustainable development of aquaculture.
5 Disseminate and support the implementation of the provisions 
of the FAO Code of Conduct for Responsible Fisheries (and 
Aquaculture) and the recommendations of the International Com­
mission on Dams for the integrated management of aquatic eco­
systems and fisheries in river basins.
6 Facilitate the implementation of watershed and coastal resources 
development and management that integrates fisheries and 
aquaculture.
7 Help formulate and implement policies, regulations, and biosafety
protocols that safeguard Asia’s aquatic biodiversity, including 
endangered and threatened species and ecosystems.
8 Strengthen human resource development among fisheries and 
aquaculture professionals in Asia, and emphasize youth and 
gender representation in capacity building.
9 Enhance global and regional cooperation and advocacy on 
fisheries, aquaculture, and environmental issues through bet­
ter use of existing networks among professional fisheries or­
ganizations.
The Talk on F ish Health
DR. SUPRANEE CHINABUT / PAGE 8
mendations from the section would be solicited. I'm  sure that when 
we announce our recommendations, people would listen. We can 
also use those recommendations as a starting point for the initia­
tion of a law or regulation. Next year, we will hold our 5th Diseases 
in Asian Aquaculture conference in Australia around November 
2002. Members o f the society are not only Asian scientists, but 
also Europeans and American scientists who register to be mem­
bers. Around 200 participants attended the previous one. Our ac­
tivities are published in a newsletter, which is circulated two times 
every year.
D o yo u  have a w ord  o f  advice  to a sp ir in g  y o u n g  a quacu ltu rists  
in A s ia ?
We have doors open  for young  sc ien tists  w ho  pursue th is career. 
T here arc m any  in teresting  th ings fo r them  to exp lo re  and  there  is 
a very  friend ly  atm osphere  in  fish health  w ork. T hey  w o n ’t feel 
lonely. We have lots o f  support from  the sen io r and  ju n io r  sc ien ­
tis ts w ho w ork  in th is area. We are like a friend ly  fam ily. I encou r­
age young  sc ien tists to get into th is d isc ip line. T here are a lot o f  
vacan t spaces for them  to do a lot m ore w ork  in this field  o f  aquatic 
anim al health . It is an in teresting  subject. I have been  in th is career 
for over th irty  years and  I ’m  still very  in te rested  to  look at it eve ry ­
day. [interview by m.b.s.]
support sustainable aquaculture
PRICE INDEX /  PAGE 10
age-sized milkfish in Manila is 65.90 pesos per kilogram, what 
could be the approximate price when you expect to harvest by Sep­
tember? Using the indexes on the previous table, we multiply the 
current month’s price (65.90) with the price index at harvest month 
(0.915), then, divide by the current month’s index (0.971). We get 
62.10, an approximation of the wholesale price in Manila in Sep­
tember.
As a resource-conscious milkfish grower, we should strive for 
a low-cost production operation because the expected selling price 
at P62.10 is relatively low. Another option is to engage in low- 
input yet longer growing period and say for example, harvest in 
November where the wholesale price index in Manila is at least 
0.933, a little higher than the September index. Meanwhile, the
milkfish grower could at one time plan the stocking period and 
aim to harvest in January when the wholesale price index in Ma­
nila is 1.13. The grower may then invest even in high-cost yet 
short growing period production operations (such as supplemen­
tary feeding) because the expected price is high.
These indexes also give us the idea on the relative level of 
prices of milkfish between or among various locations (i.e. Iloilo 
vs. Dagupan) and across markets (wholesale vs. retail). Note that 
these indexes are not absolute answers to questions about price 
behavior, nor a tool for price forecasting. But these indicators are 
useful guides, especially when prices are the only short-interval 
time-series information available to motivated market researchers 
in developing countries. ###
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T he T alk on F ish H ealth
DR. EINAR RINGO / PAGE 7
If  you had a large sum of money and had access to all the 
expertise and technology, what kind of study would you like to 
undertake?
First I w ill put together a group of specialists from different coun­
tries and scientific backgrounds –  it’s most important, because I ’ve 
been working in microbiology. I have worked with people who are 
specialists in chemistry, electron microscopy and fish behavior. 
We put these specialists together, and maybe also include people 
in immunology and physiology and answer for example, what 
should we do with the milkfish? Then we start —  how does the 
fish behave in its natural system? How does the fish react in artifi­
cial rearing? Then we could ask the fish physiologist, how does 
this fish react to different kinds of feed? In lipid chemistry -  what 
is the ultimate need for special fatty acids, lipids and so on? Elec­
tron microscopy -  is there a difference between this species and 
other species? We discuss, prepare hypotheses and then we do our 
work. I don’t think that as a microbiologist, I can solve the prob­
lem alone. We can solve it together with other specialists.
Are there any dangers that you see  in the future?
The danger is that we might believe that we can solve the whole 
aquaculture (puzzle). I think that we couldn’t solve all the prob­
lems.
How do you see  aquaculture in the next one hundred years?
I see promise in it, but I also see some dangers. I don’t know the 
problem areas in the Philippines but in Norway, the young genera­
tion doesn’t eat fish. We have to convince the coming generations 
that fish is good for their health, and not to eat only junkfood such 
as hamburger and Coke. We have to find new alternatives to rear 
fish and to export high-quality products from one country to an­
other. We should focus on fish as a healthy product.
People emphasize eating of coldwater fish because i t ’s  very high 
in HUFA, omega-3. But what about warmwater fishes?
There may be yet other components good for the health found in 
warmwater fishes. We should also look at the by-products of fish 
production (that may have impact) on the cosmetics industry, hu­
man medicine and so on. We should not only concentrate on the 
fish product but also on enzymes and bioactive compounds pro­
duced by the fish.
Parting words?
I think that the milkfish, your national fish, has enormous poten­
tial because it can grow very fast and it tastes delicious. You should 
export this fish to other countries.
We in Norway should learn how fish and fish products are 
preserved in Asia. Here you have one fish species and different 
products from it.
One of the most important (issues I ’ve learned) was milkfish 
disease. (When we discuss that), w e ’re only looking for trouble. 
It’s the same as (discussions on) vims in the shrimp industry in 
Asia or coldwater vibriosis in Norway. We focus scientific interest 
on negative things, (when) we should focus on the positive. Is 
there something about the milkfish? Are there any diseases? Why? 
Does the fish produce something? We have to shift (our attention) 
from the negative. I ’m a sim ple person. I  say, let’s also look at the 
good ones. It’s the same when you hear about “microbiology,” most 
(studies) focus on Vibrio logei, Salmonella  or Listeria  in food poi­
soning. There are a lot of bacteria out there in the sea or in the 
jungle, wherever, which are not the bad ones. Why don’t we look 
to the good ones? This is the promise of aquaculture. O f course, 
we can do a lot of research on fish diseases, but we should also 
concentrate on the positive things… as in that song from the movie, 
“Life of Brian” (Dr. Ringo then lapses into singing) —  Always 
look at the bright side of life. [interview by n.j.d.]
DR. TIMOTHY FLEGEL / PAGE 6
Would you recommend to shrimp farmers the purchase of shrimp 
disease d iagnostic tools?
I think it might be difficult with the current state of the art – the 
kind of tools we use are too difficult for farmers -  they will prob­
ably have to cooperate with government or private laboratories to 
help them.
For White Spot -  the only reasonable tool at the moment for 
checking the post larvae is the PCR. It’s expensive -  (both) the 
treatment and the reagents, but I’ d say in Thailand, to check one 
batch of PL… depending on who’s doing it, (could cost) anywhere 
from 350 baht (baht and peso are about the same) to 700 baht. If
you consider the PL themselves, they’re already worth, maybe 
30,000, so what is 700 baht? Nothing.
Some parting words?
The future of the aquaculture industry is very bright. It’s a very 
good business for countries like the Philippines and Thailand be­
cause we have year round growing conditions, and it (gives) good 
income for the farmers. It doesn’t have (to have) negative impact 
on the environment. Shrimp farmers (should) regard themselves 
as aquaculturists —  not just shrimp farmers but farmers of any 
aquaculture species. [interview by n.j.d.]
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Y e a r  2 0 0 2
SEAFDEC/AQD TRAINING COURSES
Freshwater Aquaculture, com pleted April 2 to 30
Health Management in Aquaculture, com pleted April 10 to May 14
Crab Seed Production, accepting participants to the second session, 
Sep t 4 to O ct 3; f irst session com pleted May 2 to 31
Marine Fish Hatchery, ongoing May 28 to June 26
Management of Sustainable Aquafarming Systems, 
accepting applicants, July 2 to 31
Mangrove Friendly Shrimp Aquaculture, accepting applicants, 
July 9 to  29
Responsible Aquaculture Development (Third Country Training 
Program funded by JICA), by invitation, A ugust 6 to O ctober 4
D IS T A N C E  L E A R N IN G
Principles of Health Management in Aquaculture, ongoing, April 29 
to  A ugust 3
Basic Principles of Aquaculture Nutrition, accepting applicants, 
August 6 to  D ecem ber 3
For application forms and further information, please contact 
Tel/fax: 63 (33) 336 2891, 335 1008 
E-mail: training@aqd.seafdec.org.ph
For local applicants who wish to apply for fellowships, contact 
Hon. Cesar Drilon, SEAFDEC Council D irector for the Philippines 
Office of the Undersecretary for Fisheries and Legislative Affairs 
Department of Agriculture, Elliptical Road, 1104 Diliman, Quezon City 
FAX: (02) 927 8405
For fellowship applicants from other countries, 
please contact your respective SEAFDEC Council Director
SEAFDEC websites on the internet
• www.seafdec.org
about the SEAFDEC family; regional programs are highlighted
• www.seafdec.org.ph
about the SEAFDEC Aquaculture Department based in the Philippines
• www.mangroveweb.net
about the ASEAN-SEAFDEC mangrove-friendly shrimp culture project
• www.agrolink.moa.my/dof/seafdec
about the SEAFDEC Marine Fishery Resources Development and 
Management based in Malaysia
N e w  w e b s i t e ! ! !
http://afs-fhs.seafdec.org.ph
Home of Fish Health Section of the Asian Fisheries 
Society whose Secretariat is presently hosted by 
AQD. The webpage is the official information 
clearing house for the forthcoming 5th Symposium  
on D iseases in Asian Aquaculture to be held in 
Australia from November 25 to 28, 2002.
N E W !
Highlights 2001, 
32-page report of 
SEAFDEC/AQD’s 
priority programs and 
accomplishments in 
2001
Proceedings of the 
(Philippine) National 
Seaweed Planning 
Workshop, 100 page 
volum e on a conference 
held August 2-3, 2001. 
Edited by AQ Hurtado, 
NG Guanzon Jr, TR de 
Castro-Mallare, Ma RJ 
Luhan
C D -R O M  fo r m a t  o f  th e s e  tw o  












Use of chemicals in 
aquaculture in Asia, 
edited by JR Arthur, 
CR Lavilla-Pitogo 
and RP Subasinghe, 
235 p
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3 easy ways to order
sales@aqd.seafdec.org.ph   FAX (63-33) 335 1008, 511 8709
Sales/Circulation, SEAFDEC/AQD, Tigbauan 5021, Iloilo, PHIL

































































































b o o k s  &  etc
G rou p er book now  ava ilab le  in five languages
The fully illustrated, full color hook entitled “ H usbandry and health 
m anagem ent o f grouper” is now available in five languages -  Bahasa, 
Thai, M andarin, Filipino and, o f course, the official English origi­
nal version.
The Bahasa version was translated  by the Gondol Fisheries S ta­
tion and R esearch Institute for Coastal F isheries, D epartm ent o f 
M arine Affairs and Fisheries, Indonesia. For copies, inquire from 
Dr. Ketut Sugam a at crif id ir@ in d o sa t.n e t.id  or s ug u m a @ indosat. 
n e t. id.
The Thai version w as translated by the A quatic Anim al Health 
R esearch Institute o f the Departm ent o f Fisheries, Thailand. C on­
tact Dr. Supranee Chinabut at aahri@ fisheries.go.th .
The M andarin version w as translated by the Tungkang M arine 
Laboratory - Taiwan Fisheries R esearch Institute. Email Dr. H ue i 
M eei Su at tm llib @ ma il.tfrin.gov.tw  or h m su @ m ail.tfin .gov.tw.
The Filipino version w as translated by SEA FD EC/A Q D . C on­
tact Dr Erlinda Cruz-Lacierda at ec la c ie r@ aqd.seafdec.org .ph  or 
fax (63-33) 336 2891, 335 1009. The English version can be re­
quested from A QD as well.
The book w as prepared in 2001 by SEA FDEC/AQD for the Asia- 
Pacific Econom ic C ooperation (A PEC) Fisheries W orking G roup 
FW G 01/2000. The project team  w riters were from AQD (Erlinda 
Cruz-Lacierda, Celia Lavilla , Joebert Toledo, N elson G olez) and AJ 
A qua Intercon Pty Ltd A ustralia (N epheronia Jum alon-O gburn).
The 94-page book, which is divided into seven sections, w ill 
help farm ers im prove production and reduce mortality, and thus 
utilize existing grouper seed resources m ore efficiently. The 
chapters are: (1) species o f  grouper farmed, (2) farm location and 
facilities, (3) culture system s; (4) sourcing grouper seed, (5) 
nursery and grow out operations, (6) harvest and m arketing o f live 







A textbook on aquaculture nutrition for fisheries stu­
dents w ill soon be available from SEA FDEC/AQD. 
It w ill cover the essentials o f fish nutrition, feed 
and feeding o f  tropical aquatic species, and the eco­
nom ics o f  feed m anagem ent. The chapters are w rit­
ten by A QD researchers who have had m ore than 
20 years o f research and training- extension experi­
ence. O rder the textbook from sa le s@ aqd.seafdec. 
org .ph /
The S ou theast Asian  F isheries D eve lopm en t C en te r 
(S E A F D E C ) is a reg ional trea ty  o rgan iza tion  es tab lished  
in D ecem ber 1967 fo r the  purpose  of p rom oting  fishe ries  
deve lopm ent in S ou theast Asia . Its M em ber C oun tries  are 
Japan, M alaysia , the  Ph ilipp ines, S ingapore , Tha iland, 
Brunei D arussa lam , the  S oc ia lis t R epub lic  o f V ie t Nam, 
Union of M yanm ar, and Indonesia.
Four departm en ts  w ere  es tab lished  in the M em ber 
C ountries; one of them , the  A quacu ltu re  D epartm en t 
(A Q D ) located in the  P h ilipp ines, pursues aquacu ltu re  
research and deve lopm ent
This newsletter SEAFDEC Asian Aquaculture (SAA) reports on 
sustainable aquaculture. It is intended for fishfarmers, aquaculturists, 
extensionists, policymakers, researchers, and the general public. SAA 
is published four times a year by SEAFDEC/AQD.
Editor MT Castaños; writers MB Surtida. NJ Dagoon, AP Surtida; 
editorial assistance G Guirgen, SM Wee, C Lago; design /  layout 
MT Castaños photography (unless otherwise credited) R Buendia; 
circulation E Gasataya, E Ledesma
Editorial offices are located at the: Training and Information Division 
SEAFDEC Aquaculture Department, Tigbauan 5021, Iloilo, Philippines 
tel. 63 (33) 335 1009, 336 2 8 9 1 , 336 2937, 336 2965, 511 9050 
fax 63 (33) 336 2 8 9 1 , 335 1008. e-mail devcom@aqd.seafdec.org.ph
You may also contact the editorial staff through: 
AQD Manila Office, 17 Times Street, West Triangle, Quezon City 1101, 
Philippines tel. 63 (2) 372 3980 to 82 fax 63 (2) 372 3983 
email m lo@ i-iloilo.com.ph
Contributions
We accept articles that focus on issues, developments, and information 
on all phases of sustainable aquaculture for publication in this newslet­
ter. Photographs and line drawings must be camera-ready, glossy B&W 
prints or colored slides. The newsletter editor reserves the right to edit 
contributed articles for brevity and style.
Gifts and exchanges
Publication exchanges with SAA are encouraged. AQD has publications 
exchange agreements with 800 institutions worldwide.
Subscription
FEE*
❐  1 year / 4 issues US$ 9.50
❐  2 years / 8 issues $12.00
❐  3 years /  12 issues $15.00
* For orders in the Philippines, currency 
conversion is US $1 = P 50
ADD: DELIVERY-HANDLING FEE
❐  delivery within the Philippines US$ 1.00
❐  delivery by Philippine Post to 
SEAFDEC Member-Countries $10.00
❐  2-3 days delivery by special 
courier (all countries) $40.00
Please make remittances in postal money order, bank draft, or demand 
draft payable to SEAFDEC Aquaculture Department. For 
inquiries about SAA subscription and other AQD books and videos, 
e-mail: <sales@aqd.seafdec.org.ph>
Nota bene Mention of trade names in this publication is not an 
endorsement.
Philippine Senate Presiden t D rilon and Ambassador Ara 
shake hands over the b io tech  w et laboratory  
groundbreaking
O ver a month after the formal groundbreaking ceremony, 
the construction  of the w et laboratory has progressed  to 
build ing lay-out, excavation, marking of access road 
elevation and so il grading/com paction. Taisei Corporation  
of Japan is the con tractor with CRC O verseas Cooperation  
Inc as consultant. The construction period  is expected  to  
la s t through March 2003.
The w et laboratory has a to ta l area of about 3 ,100 m2 
and a f loor area of about 2,650 m2
Biotechnology 
wet laboratory breaks new 
ground
T he P resident o f  th e  P h ilipp ine Senate , H on. F rank lin  D rilon , an d  A m b assa ­
dor o f  Japan  to  the P h ilipp ines, H is E x ce llen cy  Y osh ih isa  A ra, w ere  G u ests  o f  
H o nor d u ring  th e  co rnerstone  lay in g  rite s for a  new  labora to ry  a t S E A F D E C / 
A Q D  on  F ebruary  23.
T he co rnerstone  laid  w ill se rve  a s  foundation  o f  the E nclo sed  W et L abora­
tory, one  o f  the five co m po nen ts o f  the L abora tory  for A dvanced  A qu acu ltu re  
T ech no log ies o r B io tech n o lo gy  L aboratories. T he W et L aboratory  w ill be  the 
site  for in itia l te s tin g  o f  n ew  stra in s o f  aq uacu ltu re  species an d  n ew  vaccines. 
S tud ies on  refinem ent o f  broodstock  m an agem en t, ha tch ery  an d  nursery , and 
cu ltu re  tech n iq ues w ill a lso  be  conducted  there.
T he estab lish m en t o f  the B io tech  L abora to ry  w as  the resu lt o f  th e  in itia tive  
o f  A Q D  an d  D epartm en t o f  A gricu ltu re  (D A ) as a  b ila te ra l p roject b e tw een  the 
G overnm en ts o f  Japan  and  the P h ilipp ines. It is funded b y  the Jap an e se  G rant 
A id  for F isheries.
T he o ther co m po nen ts o f  the L abora tory  inc lude: E n d o c rin o lo g y  and  G e­
ne tics L aboratory , Feed T ech no lo gy  L aboratory , A lga l P roduction  L aboratory , 
and  the M icro b io lo gy  L aboratory. T he b io tech  laborato ries w ill en ab le  A Q D  
to d ev e lo p  ad vanced  aq uacu ltu re  te ch n o lo g ie s needed  by  D A  to  b o o st p rod uc­
tion  o f  m ajor fish  species. A Q D  w ill co nd uc t va rio u s research  ac tiv itie s in 
coord ina tion  w ith  the B u reau  o f  F isheries and  A quatic  R esources (BFA R ), 
resu lts  o f  w h ich  w ill be ex tend ed  to th e  fishfarm ers for adoption .
A m ong the gu ests at the cornerstone lay in g  rites w ere: U ndersecretary  C esar 
D rilon  Jr, SE A FD E C  C ouncil D irector for the Philippines; U ndersecretary  Rene 
V illa, A ssistan t to  P resident G loria  M acap aga l-A rro yo  for W estern  V isayas; 
Mr. Eiji U eno, F irst Secretary  o f  the E m bassy  o f  Japan ; Mr. H irom ich i Sakum a, 
E m bassy  o f  Japan ; and  severa l P h ilipp ine g o ve rn m en t execu tives.
In h is w e lco m e  address , A Q D  C h ie f  Dr. R o lando  P laton th ank ed  the G o v ­
ernm ents o f  Japan  and  the P h ilipp ines for the g ran t o f  the p ropo sa l in estab ­
lish in g  the B io tech  L aboratories.
In turn , A m b assad o r  A ra  sa id  he 
“ h opes that the B io tech  L ab  w o u ld  be 
a sym b o l o f  friend sh ip  b e tw een  the 
G ov ernm en ts o f  Jap an  an d  th e  P h ilip ­
p in e s and  w o u ld  a id  A Q D  in  fac ing  
ch a llen g es  in aq u acu ltu re  su ch  a s  in­
creasing  fish production  in  th e  reg ion .”  
In r e s p o n s e ,  S e n a te  P r e s id e n t  
D rilon  exp ressed  h is  g ra titu d e  to  the 
G overnm ent o f  Jap an  for fu nd ing  vari­
o u s in fras tru c tu re  p ro jects in  Ilo ilo , 
A Q D ’s h o s t p ro v in ce , in c lu d in g  the 
so on -to -be  b u ilt In terna tio na l A irport 
and  flood  co n tro l fac ilities. H e a lso  
urged  Dr. P laton to  co n tin ue  fo cu sing  
A Q D ’s research  efforts to d irec tly  g e n ­
erate practical app lica tion s an d  to  co n ­
tin u e  in te n s ify in g  effo rts to  ex ten d  
packaged  techno logies that w o u ld  ben­
efit fishfarm ers.
